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TgP<DS(fiEfi> 0 4 2 0*EniC^-r J: 5 [Z. S-cD-y- 

t?. cKojasfiig— coy- hmsa)TgB(^> m-coy- 

[0 0 4 8] mt4(D±^lC-^C\T. 04 3fC^-ro dtl 

^t>0(!r<!:(5l«-r^U. 04 3(7)»f*Ott^ (b) tfiT 
ni= 3 0 nrntDli^Tfe-So KU-<>Sff(iO. 1 VC 50 
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fe'Sc 04 3 4^(0^^ (a) {t^-hmm(D±Wtl^u^ 
Tt^iJv'iJa^T^^li^. ffija (c) (i^y-hSScD^ 

T*^o laiS (b) (0»titlc«LT. ats 

mc^n-vh^m^^. mm (c) cr)Sig(iy-hs@<o 

04 3$M'g)<h. teJS (b) fcfclt^ S O I 

(ommt.. ffiii (a) ittig (b) <D^m\zt^^) . mw 

Sil:?5rffii(OBtt5i^flf^0 4 4; 0 4.5ic^-ro «^«5g 
(i0 3 9 icfe(t^t>cc><hi5i«iT'*u. v^u^ymmt. 

0 . 1 V-CA-So m-(0^- \-mM<D^^ TmX>< 3 0 n . 
m&tX4 0 nmOii^ (04 4) (i. S O I HOBfi;&< 

i^fiiajEfi4 0mvju±a<b'r^ (0:&aKosffi<Da^^b 

Tn^<50nm. 6 0 n mJRt/ 7 0 n m(7>ii'& (0 4 

5) li. so iSJ;yt>y-hSffi<0«ffi;C^i9i<. ii« 

(OMOS F ET(Cfct^T. [5l:g|C0/K^ Z:^^fi|=^^X.yb 

>l^liJR<. Tm^l 0nmiE<b^1t 
^li^OU^t^fiIaJE<0S^b^d:1 O-l 5mVi/h$ 

[0 0 4 93 St-pT*%Rg(Cfet\Tri. m^CDS^X^^S 
SlC*^*<i^ (TfliA^ 4 0 n mJaTo S O I m(Om^ffi 

'/-hmSctu*^i5l^o y-hK^bK4'osfi;&*';7'-h 

-cDy-hS8i:STni^»j?ai-r'5c<t(c«j:y. u^t^fii 

[0 0 5 0] hSS(cu^ofiimm^EP*qu>b<t^ 
(c. so l^omfi:;&^y-hSgcJ:U'feiS<;S:^a^5^ 
flJfi. iiffiCDSO I MOS F ET(C*SUTt)> K 

C:nX^y-h04=* (04 3. 0 4 4T(i. 

6 0. osumoffiB) T*>Ba6e>n^p soi 
\m{z±m(D^^-^mA\^itim^ (c(Dii^. s-. 

S-(DBIS#«*) (c>feS«>e»ti-5;&<. *!eW(iK:^- 
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[0 0 5 1 ] 03 9StX@4 1 fi. n^^l'^^Uh^yx 

(d Vih/dTfD) *5^-rc HSSfi-y-hS 

0. 1 Mm. 04 1(^0. 2 umCOti^T'^^o Tra;0< 

(Tfl,= 1 0 nm) <^2 O^gJUT^TfiTf -So dVth 10 
/dTni<Dfit(i. Tra= 1 0 n mX'li 1 ---2 X 1 0-2 V/ 
nmT'^^^^ Tra= 5 0 n mTIi 2 X 1 0-3 v/n m 
l-UTch/jiy. Tai=.6 0 n mT'li(ai^Tffl= 1 0 n mT<7) 

(ClKbTfc. Vth(DTni<S??1*|i/Jx$<. Tra^^X.^ 

:itHC>t=tUT, Tffl=4 0 nmTfid Vth/d Tn<Offifi 

1. 5 X 1 0-3 V/n m;&^t> 4 X 1 0-3 V/n mOioH 

So sei^T. ^-co>r- hm®(^s»x?<T^^e 20 

crKH (Tb;0^4 0 nmJUT) TCi. Vth<^)Tmtt»14 

T V th ^WJai-PHT'^-So 
[0 0 5 2] 03 9lC^-rJ:plC, m-. S"<p 

-!7'-h^^;&<^^^iec-r|gH-e*oT^. dVth/d 

t^o m?i{i. Ti.= 4 0nm, KK^bMH 5 n mT 
(i. d Vth/d Tin(^<i(i3 X 1 0-3 V/nm»^e>4 X 30 
1 0-3 V/nm(?DKH(C»S<OT. hK^bMiKDS 
^<OS^^#X^^^*)•:^;^cli^lCfcC^Tt). dVth/dT 
ci<Z)fii;OUXl 0-3 V/nm^S^-SSEHlCTra^aS^ 
So 03 9cfcy. ^*-hK{tMll3 nmT(i 

Trn^ 3 7 n mJUT. VmtmW. 1 . 5 n mXiiTni 
$:3 2 nrnJUTlCS^-rSCchlC^SlSo Cp-TSCilC 
ctU, VthX>*TB(C*tUT»®;tJ:^igE^fiJfflT$-5o 
[00 5 3] ;a:*5, pf^i'^^Uh^Vv^y^^Tfi. Vth 
RtXd Vth /d Tm(7)(l;&<ftlc;S:S(0T\ ^Ote>t4fit(c 
oc\T±<J:^»<0B8<S«J#::>J:plcTm*a^-rstfJ: 40 
l\ StoT. ±xE<^VthatXd Vih/d Tn^-^-n-ftl 

<h p 5^ I' h ^ V v:^ ^ (CM UTfig y 31-^ 

l^ltTj,^. ^<D^^^^^?^)l\^'^>^y7.^{zmmy^ 

[0 0 5 4] ii^. FET(C*3t>T^3re%l*SA 
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(otiisb\zmxi.tz^imitfi. u^l^fii^c^g^^x.. so 

IBS—. lg~<^^a*?l^*Hc:-rcf:OpPp1SI;&^*So U 

t$''ru^t\fiimSX?^iEO<g<i:>5:S<i:p(C^^-rSo Iil3 

3, 5 nmJUi^-rSOX^^asLcXo CCOCchli. t#(C 
CMOSlElffill. iE<OU$t\fiiSJ±*jJ^S<!:-rSlel»lC 
fct\TaST«>So *>b. 5l-:7a3iE (-y-hSffilCOV 

C^^imJE^EP^aU;til^lC< e)^T2«i/h^< UJ:3<!r 

'rs<h. u^i\fiimjE(i*^o. 1 2 v]u±<h-rsii:*g;i>< 

S 3 8;^>^e>Trafi 1 1 nmlU±T^SC<tX?^»^L 

t^o ^ti. —mz 1 . 2 1 . 5 vfigc^masafiET'ift 

f^f SCMOSlHl»Tr(*. U^l^fiiBffi^O. 2-0. 
Tt\SO-C 1 9 9 7. ' -f- • 7='-f- 

• xA 7^*;/^-^;u^>rs>x:^h. 21 5M) . 

^mrz't^o\zTm^WL^r^z,tti^m.^{^i\o zlco^ 

S3 8;&^e». Tnttl 8 n 3 0 n m<OigH;&<M 
[0 0 5 5] S3 6CDSe3ftffq-Cii. ^-O 

UTfflO e>nS«JRT*S n +7|^ ij v y zi > J; y 

C^o coii^. h^>v:^!^OU^l^^iSff;&^iS<;5:y 

t-^S<!:U5Fp^SX><^±^So LirUfiiSJEf*. 5^1^* 

-e>^*fT^<h. L^tAfiiBffij&^iSoayf ubi 

t^Tt>*5^WTfi. S-C0y-hSS^^4 0 nrntUT 
Tg^f SCi^fiJfflU. U€fl^fli;&^iS<)5:yia€?SCi: 

^mts.\^^K\m^n^n^^o{zwc&-r^z.t 
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m^m^i^, iai»'voigffl*tRrfii(c«:«. 

[0 0 5 6] ^fz, b#l^fiimffl* 
StoT. m-W^i''- (01 'f'©7k¥^ 

•5. 

[0 0 5 8] m-<o¥- hmmifim-<D^- h« 

[0 0 5 9] ;S:te, *:iSWlcH-r-5iSKElcfct\T(i. 4# 
ggaa 60-43863 ^iIf«(Dl5SE<i:(iS«:y . V-X 



20 

!^B§Ba 6 0 - 4 3 8 6 3 -^iiSi 

[0 0 6 01 ;^c(c. 0 1 ic^-rmjtictei\T-glJ*^{b 
10 3i±fcajHM*Slfl3-r-5. 

[0 0 6 1 ] • KU-<>M^li. m-, ^-(D-y 

hafficDT^cAy>a^Tt)d;l^(la3). cn . 

[0 0 6 2] ^Tt, m-CD'y- hm^«)TgB-C(i. h'- 
20 Tt>J;l\(0 4), Ig-cD-y-hrngTro^^bm^UKt- 
$««StlS<J5-C. :t^;USft^©fllSi]lZ«UTW?iJlC 

[0 0 6 3] il©«iiJ±. ^iE<D@ 1 0~@ 1 8(ca?-r 
30 CDS 1 9 ~@ 2 6 iC^^m^^jS lCfet\T, SB" 

Y'Wm^f&&mz^9imo>mi\M'S:m.i\r^[z^^m< u 
[0 0 6 4] ^tt. m\z. m-<Df- vwm>T^x 

y=fo)l<T*J;iN(0 5). ^-coy- hSSWT©ifelt 
K€:J»<-r-5«!:. V^—<r>*f-\'Wmt.-J-7.' Y-U-i^y 

A(i0. 2 5 Aim) SI, <m.'J^^3l^)\^Wk^Wm-^^^ 

(ffyxtf ^'-f :>-5 y t y icffliA ens^^) ica, 

c©«Jt«t*ja4:;3:S. c:©«Jt(i, l O~0 
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[00 6 5] w.-<o^- vmm^ m s (r>mm(r>im--n 

iRlKi. SB-©y-hSSg<!:|5li:-C=t><t< (0 6). * 

>ts-o^7'-haej:y t>as<Tt>j;iM@7). st. 

<omi?*<M§(CT^f -SKH (4 0 nmJUT) (CISSS 
[0 0 6 61 iJcic. h^>->';^4'««©S{*W>&:-^;*« 
[0 0 8 7] 0 1 (i. 2|s:!tBg(cJ;SmifSaim^h^>v 

1 ±ICJ1S4 0 0 nm©S i O? J; U ;5:«S4&ia*K<b 

M2^i>bT. JIS 1 0 nm<D^;eal->ijZl>J;yrj:^ 

3 (s o I s) A^^tten^s s o I «ffiic*3t\ 

»^^4$^>L/T. lis (0 1 05»f®(Cfclt^7K¥;^rp]) 2 
0 n m. 1 0 0 n mO. T i N J; y/j:^ 

(CgLT. i|@(01 CDBTMlCt3(t-57jc¥^lS)) 5 0 n m(D 
Jg-CO-y- h®g8*igJt^,n.5. lg-<J)'y- hSS<D 30 
Mffl!l©^3?<tJl 3 ICI4. y >*tie5SS («;5tlf 1 0 »9 c 
m-3 ) (c^ASnfc n tgiW V -X • h* U'f 6 

[0 0 6 8] CdT. 4i^<*^3<Dll5(i. jl^5nm 
*»e. 1 0 0 n m©fEH-C*<5. 5 n mtX±.t.-t ^mt.m. 

«lSlJ-r-5>t«>T»y. 1 0 0 nrnJaTtf-SODIi. 

5ef'^4:;i'S(is©«isijjas«j:y a?^^ 
^w-y-'f xjai^wi?SA<ajT=t>j;i\ti^iic:nj:y 

(±. 1 0 0 nmJU±<tUT*>J;l\. V 

asj;y't>. -ticssigf-s. xu,/<— 7"^- y so 
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[0 0 6 91 s«>)a*K{kK2<DJi$ii. 

*»4lc^fc^T. ^lc»JR8i4;a:i\. igy^fcii- 

Silii 5^P>*^e)2 5i'P>Ma, S I MOXfe^JBlC 
J;t3TftS!^^nXiSO I StST'14. 8 0nmA^e)4 0 0 

nmggT-fe^A<. cne.<fcyafi>*g&. ncxjs^icfe 

[0 0 7 0] -y- h^Mtm<DJlS(iii^2 nmX>^e2 0 
nmgg-CfeS. CtlJxygil^i. h>^;um;jftlcj; 

li^ffll^T^><fc^^. 2 0 n mJUT.t-r'SOtt L S 

+iJ;y t)l¥<T't>J:tv y-h^Jli(iS i 02 

TfeoTt). ■e-tlJU^©ie»l*, mtfS i3N4. Ta 

[0 0 7 1 ] y- h«gi(D±ft (^-©y- Kms. - 
^^IfS 0 nm*^e>0. 65^P>gg©lBffl 

■r-Sti^li. cn<fey:*:#<Tt>ctcv 
[00 7 2] n5^-\'^;Uh7>-:^XtJ'ICfct\Tlg 
-O-y-hSgttp + THiJvyaX Mo. W. TaS? 

s^<oy- hsaiA^M o . w. T&mo^ 

a. ^s->y-y--< Ki?T3DoTt)j;cv cne.©«ipKD 
•t'Tii. p+7t«.u ->y3>©ttifB8iSi;&<g<>AS<. i5c 
a«Mo. w. Ta. *«l^li^>^«'x5^>>'y•y■'r Hil 
(D^^vU-y-'f K. T i N-f*y. n+7t«y->ya><D 

m-w^-*- hfltffi* n + :^ y -> y =j > t -r -sia^^tj-a- 

-5. p5^+'^;Uh7>':^X^©JBBg-r-51i&. v-x • 
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[0 0 7 3] ^^^-)V\^-\f:>C/^Vjt>f£l\^ 

&<^fii*^^;t«>(c(i, |g-<oy- hlH®<D«*4/^. V 10 
KI^-r>^I«cty t)«:«M»/>*/Jv$<>S:ltntf/<j: 

[0 0 7 4] gi3 (c, SI coflliiicfct^T. v-:^ • K 
[0 0 7 5] s4oiiiigTfi. "f-ht&m^om^^. 

W\^{t. SB— O^- h^SOTlCiSlNTliS nm, Ig" 20 

\ZiSl\X\t 3 n m, IgZlO^- hSSCO.TTfi 5 n mi . 
[0 0 7 6] E16fC. SI (0«it^Cfct^T. ^-t^^T*- 

Sg-O^- hSS(Di|g^ 1 5 n m<h^^o 30 
[0 0 7 71 ;*IC. @1 0-01 2«#g3UTl!!ji?r;i 

[0 0 7 8] 01 oic^-Tcfcplc. v'Uziysfis 1 ± 
\zmt£A 0 0 nmos i 02 J: U ;S:^adC>i&*KftK 3 

2^^M^T. ^ 2 nm(D*;KH^-> ubiety <E^# 
®ft/i3 3 (SO I ^IX/^^itbtl-SSO I a«(cfci\ 
T, ¥«(*M3 3<Daa^j|ftK<bU. ll^3nmCDS i 
02j:y;Q:^y-h»»]S3 4«JBjSf-5o «SlxT. 
ffifCC VD;^^ybfi>^/tu/^;ilCj:yil$ 1 0 0nm<D 
T i NJS€i«ffiU ^(D±gI5(C:7;r hU>;;^h3 6«:iti 40 
3 0 nm(C/t^-— >^-r^o C 3 0 n mit^^a 

mti/t^->^m^\z[ts \y':y:x\-<Dm%\z{tm'^\^- 

A(Cct^iS«jaSi«ri(EBilfiS. BiSv^^ 

Qt^A^;:^, 1 9 9 7^11^^. 14 1—144^- 

^:;^>>ICR I E (JSJ!6tt^:t>X*;/^>^HCcty T i N 
SI$:/Kt$'-->^U. T I N cfcy;^^. 15$ 5 0 nm. 
ilii3 0 nmOlB— (O-y- h«S3 5*JBfi!cU, 01 00) 50 
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[0 0 7 9] SO I ^^TIift^5i^8lgP(LOCOS)<D 

^5^«S<7)fSSgSfCT i NOX-/5='>>/jiy;G*^L:(c< 
t^o fitoTx^y^'V^jiy^KACci^r^aMchbfc:^- 

-oy- hmmommo^mx^- hm^tmz:^/^-i> 

[0 0 8 01 ;^ic. m^ uc^-r^pic. 5 

0 nm<7)n+/pU>'y 3>3 7 ( h'-^ H?!^ U *> U =] » 

c VD(CcfcUiiS|-r^o R 1 Eicct -5^:^14 

X-/5^>^|Ccfc:y. n + 7t^y v'Uzi^^lm^ 5 0 nmfC 
*5;t:?TX-/5^/t*y^U. IB— CO^- hSg3 SCOffiiJH 
IC. it@5 0 nm<;Dn + 7t^U>'ij3>3 7<fcy^^, m~ 

(Txf- hmm^mf^t^o mi^x. m-. m:z<o^- h 
v;^^ (c. #»i*g 3 3 izmsmco u >*«a 

Ku-<>^it3 3 8^?f$^^^ {0 1 2)o <f-[-mm<DT 

«Et>T±SlC'J>;^'^:;^(PSG)^^aLx> 850 
t:T1 0»Ofgi«ia*?TPC<tlCcfcy. y>«:PSG;&^ 

e)4^^ftg3 3icffiiJr$-&. • Ku>r>^ia^?F$ 

{MfcK^kJSOffiiJS^HftSc <»:ICJ: y . y ><^t£ift;&«S 
XO'y- hSScOTgB(ctiA-r^Ci:^«JMUTt)<t 

>^a<0^fiKi:l5|^lc P S GXr^e y >*l£fi*UT. 
[0 0 8 1] ^/s:. ^f-hmtm^S nmi:ibi^t)^Cib 

mubizstmu. m-(o^^hmmm&(o^ist)(DR \ biz 
^i^x:t-/K-j:y^>^^m\ m-(o</-hmm<D 

[0 0 8 2];tefc. CC:T:t-A-X-/5^>^KJICi5(t 
^K^bRcoffjyixyii. R I ExeicfctNT> K^blSfc 

^t-r-sT i Nommmmi^m'^izmmx^^. ^rz. 
[0 0 8 3] m—(r>mmmm 
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[0 0 8 4] 5X1 0" c m-3#tf p-->ij a 

>mm^ 0±(C, Il$3 nm(DflK•^beJ:y7^j:•S'5^-h 
ife^K4€:^UT. i|ig(@2<Offlr®lCt5(tS*¥33|Sl) 2 
0 nm, g5 (S^^IoJ) 1 0 0 n mO. T i Nj;y;a:-5 

HfCffiUT, i|@(0 2BfSfcte(t-57jc¥^|S)) 5 0 nm© 10 

19 c m-3) icSSA^tlfc. i§E$0. 15S^O><Dn+sy 

[0 0 8 5j ii2iD®jtii. i&mi!^±izHFm^m^m-r 
^mm (SO iffiii) (cftx.T. is:t©##^*s®i o 
v-:^- >nmtH^m»mwLm.m izmif 20 

[0 08 61 SHCDHJg JKfii 30 

cn€rXy5^/<y47LTK<kMffiiJH4 0*?B«-r 

^ + >'1';i';i(C<fc-pT. K{bagftiJM4 0<D^^ftiJ(D¥^«: 

4 1 3 0 nmlCfi£:a$1+S. xtf^ + v^'^l^fiEg 

^icy >€^tf;tf;^«ilA$-li:'5C:<»:(C«fcy. Xb:^+ 40 
>'-\'-»l'g4 1 *n+S<!:f -SCtA^T^S. CiDRJ. n + 
7|«U •> U 3 »1 3 7 <D±gPlC=t) n t^W^i^a^g 4 2 

T. 3Sa5HOI§l«iS imX[iZ b OX^-Q \ OB)) icj: 

y. xe4'+->-v;u«A»6y>*^»«:«3 3icffi»$ 

#^c<i:lcJ:y. v-:^- K U-f 3 3 ^IBfiSf 

[oo8 7]^eao>siffi^flg 

01 4~01 8«:#BgUT. fte(Dll«fi(7)}fS®(DSfiRtecfc 
ZXi[{jg?^;S*IJiWr-5. •> U 3 >Sfi 3 1 ±IC.' 50 
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4 0 0 nmOS i 02 J; y;5:-5a«)ia*K<bm 3 2^:0' 
UT, 11$ 1 0 nm<7>^JSSv'Ji]>J;U/j:^ifiSi#^ 
3 3 (SO I S) *«a:lt6>n-5 S O I S«lCfcCNT, ± 
Mice VD;£tCJ:yiP$ 1 0 0 nm(DS i OalS^ltSt 

Ctl«-E Bg|3tlcJ:SU Vi^^^^- <!:. R I E(Cj; 
-5x->5^>i/|||C«fcr3T. i|g1 2 0 nmlCinXU. 01 

4rcs5-r«fc5(c^5-Kfl:P5 1 *jBfiEr-5. 
[0 0 8 8] ;^ic, s«xe^+->i';UfiK:g(c<i;y, 0 
1 4ic5^-rj:e>ic. tJ^5-K<bflS5 1 (Dffiffimcs^gw 

y>€^A/Zf n+S!^ieS->iJi]>J:y;S:-5)l$ 5 0 n 
mroxtr5' + ->-v;l'@4 1 «^)f*fi£-rs. 

[00 8 9];i^(c, HF (.vvW) [zii.^y'^^-mm. 

iS^^-r-S. i^C\T, US 3 0 n mOK-fblK^C V Die 
<ty^®lCii8|U, R I E(Cj:yctl*X>y5^A'>4?-r 
•5 c t ic J; y . X tftJ' + -> ;ug 4 1 (OffjJ® fc. 01 5 
lc^^J;?)(c. «yMK{blK5 2«-^lt-5. SS^PBlODiaSfl: 
3S«^Tl^ (m(f8 5 0tT1 0«») . Xt^+v'-f^U. 
S4 1 «t5CD'J>^¥^(*)i3 3 4'(Ct£8ft^1i-. n*m<n 
V-;^- h'U-1'>^t^3 8^Jf$fiJc-r-5 (01 5) . 

[0 0 9 0] ;^:ic. ^m^mz 3©as«r§iK^bb, w 

$3 nm©S i O2 J; y ft^y- ht6»K 3 4 SrJBfiKf 
•5. ^l^T. ±®ICC V D;iSfc(j;^/'?'>:5'jilCJ:y|» 
$ 5 0 nm©nt;t?'J->U3> ( K-^ h/t?'J ->U 3. . 
» B 5 3 S (016). 

[00 91] acic, R I Eicfcy nt7t«y i^'javss 

3«X-y5^A.y>>U Ctl^01 7 fC^f cfcplCffliJSK 
<bJS5 2<DfiiMlC©*SIL/. n + 7K'J->Un>Jl5 3 J; 
y«:SIB-©y- hSS*JBfiK-r-5. JJcC. US 7 0 n 
m© W» 5 4 * C V D *fcli;^/t ^ (C J: y tifflf -5 
(01 7) . 

[0 0 9 2] *©±IC. l^vX h 5 5*S?e-AB3t 
1?*ffll^Tl|i1 2 0 nmlcAPIU. Cltl^ ICWd 

«:R I Eiiicjc-pTApif nif. ^-©-y-hm® (n 

+ ij -> ij zi > 5 3 ) lCfi^$n>t^ia«)WB*<li-(D'y 
-haffi5 4i:A<5 (018). CCT. 01 %\Zip.t 

mvi<Dmmm. n + ti? u -> u □ >g 5 3 €x 5^/^ i> 
u;t^lc. :t-A-xy5^>i/^icJ:ysai^coK{bm« 
BijyBi-5«». R I El|(cj:yK<blg«e<x.;/f^>^-r 
•Si. m5lZ7iiT^Z>fSi. S-W-y- hUSTwy- h 
K<b8SXi<SB:i©y- HSSTO-y- hK^bKJ; y glC^»$ 

[0 0 9 3] IgSOHtS^fig 

01 9-024 ^#SaUT. flfe<0llJfi<0JB<li&t;C-tOll 

[0 0 9 4] V'UPVSSS 1 ±rc, 11$ 4 0 0 nm<3D 

5 i 02j;yj5i:Sa»ia»K<bK3 2^i^UTv ly^f 1 
0 n m<D^^S-> y a > J; y /j:-54iil»«:S 3 3 (SOI 

m) tifwf in^so lSfilcfel^T. -?-©ififfiics»K 

<blCj; yil$ 2 0 n m<7)/ty h'KfbH 6 0 »E 
l\T±®lCCVD;ilCj;yj?$ 1 0 0 nm(OS l3N4iK 
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lZ^^JLy^>i/mlZ^z>Xm^ 2 0nm(CilPIU. y 

>fiiSE3 SSrJfJREU. ±<*«^)*^f 1 2 0 n mOC V D 

K'fbigeaTMp (01 9) . ccTV-:x • HU"f > 

TfecfctV 10 

[0 0 9 5] igStxT, 0 2 OICjFf cfc5IC. CVDK^b 
K6 2IC. 7=1- h'J V^^^^-f I E(Ccfcyg3PgP7 
0€^(t. y5-S{kl^6 1 ©±a5S:Sai^-t+-5, CO 

le, ^5 -M^kKco±»lc c V ommtfim^ :zt<om 
m^it. SSft'JICO. 2 Mm-r-r)i£< i-S. c:©<t*. R 

I Eizj:^xys.—m(tsk^Siiitsit^<oxiim<. c 

MP ('^5;»j>»l/>;*]/7H'J>>vjL : •fb^«S«KWe) IC 

Ci:lcJ:oT. ^S-g<bK6 1 ©±SB*SaJ^?-t±Tt> 20 
J:U (02 1) . CMP|cJ:r»TS{bK±»«Sai5tt 

•5:fr;iT(i, Unas? 0$^g(t-5fc«&<73U V^^^7-f «^ 

7-f <tR I Eic<ty;$'s-s^bSi*sai^ti-'5is-e 

(i. CMP^B$»f/t(c#Ai±-ric. J8H?®i£glcJ:y 
[0 0 9 6] ^Sl^■r. tlftU>KlcJ:«^;x5^ hxyf^> 

BIICJ;yAu/ l<K<bM6 O^^^f^o C<D^. CVD 30 

K{bK6 2©a®"b-gpx»/f^>^<$n<5. l^tl^rcv 

DlCj;y. Jl$ 2 0 nmW^-fb^^iilBU cn^x-y 

y 4^ f -5 C i: IC J: y . K^bKfi'JM 4 0 « JBfiKr -5 
(0 2 2) . igfbmffi>JS4 Sfbl^e 1 .t/t-y 
fbM 6 0 (Dx 5^ Vi^'lc J; y JBfiSStlfc C V DK^bMia 
□ <Dffl'JiigI5CDaS}K««fix-5/^«>«)t>«5-Cfey. 

[0 0 9 71 lKt^T, ±«:fCn* K-:3'h>t5y->y3> 
*4 5nmlt|gU. R I E iCck y cn'^X.;/5^A-;/ L 
T. C V DK^bM 6 2 ©filj® (&-5tMlK^bMfi'JM 4 0 40 
©1BIS5) IC, n + Jf? U -> y a >S 5 3 *ait-5 (0 2 
3) . ccT. n+7f?y->y nxcftxT. n+SK-T' 

[0 0 9 8] mX^X. :±®ICWJ15 4. ^SOliT i N 

7-r.tRj Eicj;yjgxu, 02 4ic^-rJ:piC'y-h 

ffi, n+Tpyi/ijavs 3iiS-o<5^-hfiffii«:-5. 

iR I E€:ffllAS<0-Cli^<. CMPlCJl-SXyf^A-y 50 
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6 2f|©t611K©^li/»«¥fi(CA«}B«iL/T-fcJ:l>. 
C M P^ffll^^c: tCDSm/ffiWIiBtJEt^ i;-C*-5, 
[0 0 9 91 E3. HCDS-HSSffSSilCia 

■d-a. «#4«»e>feSig^O»jglCigfflt--5c:t*«t?# 

r. lg-<©llSSJf^ffi(^)«■a«ji<Dt^^lcfflt^T^) 

<^:l^. IBE, IBHO|ISi5fl5^lCfgS©, Ig-wy 

[0 1 0 01 ±JE©18JS^;*<D5>^, -if^-iX^ 
- >0±gP0teiNSI!i* C M P IC J: y ^^-r -5 c <t led; 

i»*^©i8pgp©SKf icy- hse«3^4*S4^))a^>t* 
cti^cM picjcy^tKb-r-sxieii, y-hms 

Atm-<0«f4A^eSfi£$tX^ K5>v:^;J'05lS^lCffll\ 
TfccfclN (04 6. 04 7) . 
[01011 *>S:. ^5-A^->±©ie»BjilC|g[(t.5 

■5J;p|cJBfi!c*nTl\tll^J;l^, ctilcJ;y. -iJiyh 
X.y5^>iyiCj:«^»'=-/t^'->©IS*<t. CVDHIC 

j;^'y-hs@***4<Da«<>)a*A«5itg<t>s:yv y-hm 

^A->4'ICJ:oTJI5fiSt--5!S:-g»^e., '>75:<<t"fo^-<D 
-y-hffig^JBfiKUdc^i-r-SffiMCJigClcii. ggpgB 

5-/^:S'->±<o^gtMics(te)n-5rapsi5(i. ys- 

/'?y->(0±S|J±tt«:Sai*1tS J; P lcSlt-5 C <t A*SI 

4^5-/t4'->±<D»s]aicaite)ti-5Papsp 

Dnicj; y stoiatfRjic. §gpgprt icsimtt*t*4*<t^- 
ics4&ia*n-5j;yjUBMic, pgpgp<D±sp«<©mtt«*4 
icj:oTS*tn-5ja*«*-5*<. ^^-it^-y<fii.m±. 
<**sai^5-a--5c<t-c, j;yi^-icgBPgi5rtic®®i4** 

*4*S4«>jatfC:<i:*<T€?-5. ^-CDSSI, §BPSIl*iait-5X 
e(iCMPICJ;y?=fpc:<!:/l*»*UlV CMPICJ:yB8 

psB^sit-sxiii*. y 5 ->©±a5^#*saj 

-yX>->'JiOitegtSlcS:lt6.n-5raPgPAtys-/t4' 
->J;y:*:*<T>bJ:i\. ctiicj:y, JBfiKSnsy- 
h®8i(D±gP(Di|@»<i£<;ay. y-hSSroUfSS (0 
2 4#Sa. 0 2 4(Dllf®lCteltS»r®«) OS -5 

W-C. SF^StaOXSaiCS^f 

[0 1 0 21 ±iEoiSjg:^;ifctei\-c. cm pswo^ 
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Pic. ^iBtj.umt^m'bti^. ggpHPf^s^'f (c 
mm\±«m^mtt>ii,A,fim. cMPiz^vmrnm^tm^ 

^'s-yt^-v^-^xi'icv-:^ • KU'v^ia* 10, 
[0 10 4] cne)roiSit:^;i<D«B^ii. ^-SDtig- 

[0 1 0 51 3t:^Wtfc(t-5^5-/'C;$'->*ffl ^ 

-/"c^ - > y V ^/^^ 7 (c <fc u JBisEfntf cfc c xoj-c. 

[0 1 0 61 lgA(DllSSJBfig 

2t:%w^c^5l^T(i. i;i±<D'&m^mm(o^mmmizisi\ 

(mi^^a 6. g|2 7. @2 8} . ^/t. ±M(D$i!! 40 

(omizm^.'^mm (^rz(tmitmm(oi&<r>s&mm) 
[01071 \-mmtf^-<oy- hmmom 

(oaiuKflsK 6 3 ifimf^^ ii. *©T»t?(45^A' ;^;u 

3it'v©»Sli7a:<. 1 0 n mJUT-C*n(iS3iE©lfefl:(i 
[0 1 0 81 gflNK^blSe 3«}gfi£rSCi:-C, IB-(D 50 
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- hmS©7|« y •> U a >*«SJtE UT V 'J -tH- C 
(c p + 7|t y -> ij a m—<D</- hmSiic n + /H U -> U □ 

5 -5 ¥ WflE ffl C \ ^ C i t) -C$ -5 . 

[0 1 0 91 c:©iili\K<biS^^-r-5«Eg<DKa:^;*ic 

Ol\Tai'<'5. S2 3(©JKtt*JBfi£^. n*7ti'J->U=I 

> 5 3 CD^ffi^: 2 n m^^bU. ^ 2 5 (CS^r cfc 5 (Cilll^ 

Mime 3^mi&t^. zi<om. y-\~mitm4i>'p^ 

aSlCtetxTJK^a-g). i^l^T. W^mtbiZ,^. CM PIC 
J:U¥€{bUT0 2 6<7)fl5tt*»«. n + 7t«U 

->U3>5 3±gProjlfl^^^bm6 3li, f^^<b^(C, W 

XliR I Eic«fcy^*-r-5. c©Kj. y- hKfbMW't' 

^m<Dm^'bnzfm<u^o «>-si\i4. ij^a<ow«:cv 

D,tR I Erc<i;U-Mn + 7f?U->U=]>5 SCOraTlcato 
C*. 'y-hK<b^4««^U/i^lCR I E^O:iiy h 
x-;/f^>4^ICj:oT. n + TKUv'Jn^S 3±glJ<Diifl^ 
KYbKS 3«K*UT'^>J:l^, CCT. n+;t«y->U=l 

> 5 3 ifi^-oiv- vwm. w 5 4 tfi^—<nf- vwm 

[0 1 101 02 72i^CX@2 SIC. 01 1 

3<D,XS(C^5l^T. IB-<7?y- hS*l<!: UT p + "J -> 

l\T. C:ne<DraiCsltx^{bm6 3*}fAL.>S:«it$r5^ 
r. CCT. SI^^K^b8i6 3^i. p+7|«U->U=l>6 4 

^Oimm^mt m7L\t \ nm) U 

r>Tt>J:l\U, itlicsaf *fc«Kig€^tf3SR«ICSI! 

■r -5 C <t IC J: « t)ODTfe t3 T t> J; t ^. 

[0 1 1 1 1 02 8(Cfel>T. pt/K->->'J=l>6 4± 
©»t\SI<bK 6 3 14. SIftJgfiiJS 6 5 ^W.m-^t:.tfo<r> 
X«>5^A->>>XS(C*5t\T. (5)K||C^*$+l-5. 

[0 112] %tz. 0 2 8 lC35t-^^0±gi5|C. $e>IC 
^mft:€r»$fi!ct--S«ljt0>l*0 2 9 iC/^^r. 0 2 9 Icfcl^ 

■5fci«)IC. Ctie.ro±gP(Cll$2 0 nm;J'>i/;^5^»l 

6 6*g»itfi£;g$-&;t. 9>if7.7->m\%mi^\Z'hlSL 

s-r«©-c. ait>H^bH6 3o±»-c. m-o-y-hs 

m<o^mt:t/^mmfs.%.mzi:.r>xmk\^. cn«v'j. 
if-f K:7'p-fe:^icj;oTt>me»ti-5. ctili. m— cD-y 

[oil 3 1 IS-oy- hm@<!:^ -(D-y- h-mffiiro 

mzymm^mjm^. 01 0-01 sic^^-rxg^w 
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r-sy-hK^kK*. 01 9~@2 6ic5^-rxii**t- 

tl^^lC. *)^— gJBfi£U^fcUT't)«fclN, mis. gl 
1 9~@2 6(C^-rXSSWr-5»S^;iTld:. 02 3 

(C/S-S'i^- h^{k^^. jill^^^kM6 atDJfSjSctlsIKSiC 
JfJfiEfS. CWJi^. SlN^^k^(7)Jl$IJ0il^(f 3 nm 
SSif^. S/h. 3ll\K^k]S6 3 ty-hfeM(M^|5] 
l^lc3lBfiE■r•5Xg(C^ilS^K^b*ffll^T'bJ;t^U. CVD 

Tt>cfcl^ (0 3 0) . mXXi. S i3N4. TaaOsHT? 
?ig|lC(4. 5l|l^K^k®6 3(Cft;^T. cne>(D5i|l^»S 
[0 1 1 4] CCllC5E'^;t. y- Kffi^M<D-g|J€:-M 

-r-Stl^dSit^;**, 02 7<D«ig|cafflU*:CT«0 
sofc^Ffo cn(i#©ttiJl3 3±(c. f^^^kicjcu-y 
-hife^4€}gfiE^. C VD(cJ:yittaufcp + 7KU 
v'Uzi>6 4*A^-->^^-r<5c:,tlcJ;y. (©-^ 
-hmStU. hflS6 4(DJBfi£<!:|sJ^(C, 

x(i}f$fi)c^ic. R 1 E (c J: u ig— wy- vnm e 4 

CVD|Cj;y. S i 3N4ffl[7 1 «7 nmii«U, ISl^T 

C V D(Cj:y n+7|?U->"Ja>5 3?:JiSU. n+Tlf U-> 
'J3><bs i 3N4M^J:-y^A'>^'-r-5Ci:lc.fcy. S 

)16 6$jBfiE-r-5 (^>i/':x7^>®(iv-;^ • Ki"r> 

[0 1 1 51 ft*5. 0 3 0 lC^-r«Ji-Cli, S— O-y- 

hsge 4<i:m-®y- hmes 3i<Dra(c^*ti-53i 

#3lf*S3 3 0«®<!:a|-<oy- hllffi©fflyS®M:»lC 
[0 1 1 6] 02 9atX0 3 0ICS5-r«fc5*. 4^ 
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[0 117] m-tWUffiJBSi 

[0 1 1 8] -E-O— ^tUTIi, 0 3 1 tC^-rj:5lC. 

01 ic^r^^^ii^^o. wim<D<f-hmmf)<so \ 
10 g3o±Tfcfe««ii*<^(f e.n«. cwii^. s^^i' 

so I MOS F E TiSjtIg€JE5fflt--5C:<!:fCi;y}f5fi£ 
01 ic^-rJ:p.ic:-MM-ffl'J<o^-h«ffi«}BiK 

Urcm. ^•<D±gI5lca»ja*-K<bBg2*iigL. ^1%T 
-?-<D±SIJ(CSi#Sffi*Sg y ^t)i±XlilC J; y IS-, 

so I J13€:SaiS-t±. 5*»T. •€-©±g|?(C0 1 t 

•r-5ffe<0«(4. 0 3 2 IC^^ J; p IC. SOI gcDTBUA* 
S i 02j;y =t)SI^^©^Sl^*^^^4S8 1 TJB/SS+ifcm 

cfclV 0 3 3 ic^f <*: P tc, SOIgWTgP*^^ 

iH8 2T»y. so I ®*«»gt«:8 3 (ffS^tf S i 02 
•^S i3N4(D«gS) ICctoX3£^$tl«'b©-C*>J;t>, 
c©ii^. y-::^ • KU-f >M^*^e.S»ii*K^k^^ 

30 jis^m^:^v^<nmx'^^> 0 3 3 ic^-r^iid, 0 

1 (CS?-r«®€:>BfiEa. S i 3N4©ffi!JS8 3*CVDt 
R I ElCj;-5x.;/5=-A->47{cJ;yS(t. S i3N4ffiilS(D 
-SBIC^;)- hU Vi^^7-r (cJ:yi8PS15*Slt. HPSP 
«»e>S i 02*7->KiHcJ;yxy5^>i»^UTf»*-rtl 

[Oil 9] m±:(Dmmmmit, n-t/^^mysO'&mm 

40 , [0 12 0] lg-X>^e>m-b<DllJSJBfiglC*3t\T(4> OLT 
<Oj:'^/3i^m. tin. 3fe#l?«ffll^T■bJ:l^. 
[0 12 1] JU±<DSiWT(i. ±(Cn5^i'*;H-^>v 

MSittm-oy- hSffiWtt»Bi» J: y *):^* (t+iff J; 
50 5^^4-;Uh7>v:^^01i^«i:l^«IT»-5. 
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[0 1 2 21 Jtete. 3f:^W(Ctel^T(i, V-X • K U-f 

5 X 1 Oi« cm-3*»e> 2X102' c m-3. ^SiWlCttl 

XI 019 c m-3 fi^i^ 2X1 O?" c m-3<Dffiffllc£.U> V 

*•5J:plc^s^+ln(^J:^^. io 

[0 1 2 3]^Ac. 1^- m-W^Si^JS;*t-^<*:t>p 

©iag«. *S!WfC(42X1 0" cm-'«^'&2 X 1 018 20 

■> U 3 >, p 5^ ;^;H- ^ > v^X^ lC*f p + tH 'J -> 

I ^fit^SSr -5 >5:«) C ^fi(0^t«i^$SI Af S !iJS/>*>5: 

[0 1 2 4] S/tj2(C. n5^r^.'^^-^>>';^^'lC^5t^ 

■>i>7.^[ZiSl\XititiOMtp.tc[i'i:<r)^aiTC7-\z.y-S'^ 30 
(*fctt¥»ttSfi) ICimWAl-Tt)J;t\. 

Tp+7i?'j ->y □ >i:mo)«n&<7'- hmmizmi^ft^ 

^iZ'jbmiiA^mmx$>^. :$:^mxit^—<j)</- hm 
s<Dmi?A*ii«)e>n-5©T', cnew^itieiicD^A^:* 

[0 1 2 5] nt7Hll->'J=l>. p + 7f?U->'J=l> 

<D^*E^i8fil4. V-:^ • KUrf >^lgEIC#A-r«iaig 40 

V ij 3 >. p + 7 t^U^ 7 :^ *> U 3 >lcB#ift AT t> J: 

^^. 

[0 12 6] 

^^aillCJinif. ^$E%<D3IA*'iJ>g<tti:-r> 

^np\t?>z.ttj(x^^, 50 
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[0 1 2 7] $€.lc, *%W<Dg{3§:/3;*lci;n(i, ±15 

[llffi<DSSm/<i:Ki^] 

[0 1 } IftSS. 

[IS] 2 ] 3|s:%m(0^ig€^-rSFtM@. 

m 3 ] 4:%qq<9ffi>i«^-rSi9@. 

[0 4 ] :*:^Wwmjt*^f 

[gl 5 1 *%flSOS^*^-rSliSD0. 

[@ 6 ] :^¥ti»<Dmm^mtmmwi. 
m 7 ] *^wroti^^^-r»isii. 

[s 9 ] *^«g«)*iii$:5^-r»r®0. 

[@1 0] 3^9gQQ<94tit;&£^«ii^;%$mQ^-r-&/b«><9 

[011] 2|s:^W©ffiii&u:ii{ji;)^;i*lftM-r^;t«&(D 

[0121 *^W©«SSt/iSji^;**SlW^*/S:»«> 
»Tti0. 

[01 31 :«:?gqQ(Dn$i§;&t/SS^;£$Stqqr-&7&i£>0 

[014] 2^ieq^09«iS2^C^iS)i^;£^gKW-r'5^»O 
&iS0o 

[01 51 *Sew©«igat/:tSji>^;**ittWt-'5fci{>«) 

[01 61 *few©^ji&i/sji^js*ittwf -s);:*?)© 

SlrM0. 

[01 71 :timti^<Dmj^jSLZfmm^'^^mmT^ftit><D 

3)rM0. 

[018] 2t:%B«©«®StXi!{^:)ar;i^^W-r«/tto«5 
Srli0. 

[01 91 2lFfBW©«JiRtXSIii^ji$gJliWr«>i:*0 . 
MS0. 

[0 2 01 :^^m<Dmi^JSiZfmm^m^siWT^fti!b<D 

BtS0o 

[0211 2|E%qq(DmiS&ZXi!!jS^;±^g%RQt--&>^i£>(D 
1^30. 

[0 2 21 :^^f^<DmmiSiXfmmyj}i&^mT?>/tiib<n 

IBiM0. 

[0 2 3] 2|s:f6Bg©«JiStJflJ®?3;S*SiWr-5/S:»© 
ffirM0. 

[0 2 41 «:iiqqo!>ffij&2^tXt!!iS^i£«SttW-r«:&«><0 

ISi90o 

[0 2 51 *^5g<DgjgSOfiJit:^;S«StWr-5>t»<D 
BrM0< 

[0 2 61 zis:^^^!)^^!^^^^^^^^^^!^^^-^/^^)^ 
9r@0. 

[0 2 7] 3f:5gBg©«!jtRtje»[ji^,^€BiWr*/t»<D 

Sia0. 

[0 2 8] 2»:%Qqo[>miS&D:SJjS:/^;£$§(lW-r^7b«03 



( 19 ) 



f$^2000-p12851 



[030] :$iftm<omm^7r:Tmmm, 
[031] :f:mf!n<Dmm^fr:riSimm. 

[032] 2|s:%l^(D«;ii$^-r«iDi0. 

[033] 3|s:%qq(D^jg$^-rerS0. 

[034] ?je3|5©t$?il5^§iMt--5»i®0o 

[035] fit*<DSri*lttM-r-5»i®0. 

[0 3 6] S£Jt$<9tj^fB$St^t--&llrM0<. 10 

[03 7] 't;e*(D}$ffi^iftM^-5Krffi0. . 

[0 3 8] *^w©jai*s^-r0. 
[0 3 9] 3(E^w©jai*«^-r0. 
[0 4 0] *^ig(Djai^*^-r 0. 

[041] *!^W(D3a^*^-r0o 

[04 2] :timm(DW)itmm^wi9^r^^tt)o:>^'^>i> 

[0 4 3] *»M©»|ftlSa«8ttMr«;ti&<0ffitflt»fli 

«:^f0. 

[04 4] *»WI©iftftlSa*!ftWr«>S:«&©S{!t«-fli 20 

«:S^f0<> 

[04 5] :*:%BgcDS!lf^J^.a*lftWt--5/t«><D«ta^J-fii 

«:^-r0. 

[0 4 6] :^%qq<DSS]§^;£(CJ:Uf^S!l$n/bjil7-ai]S 

€:S5f 0. 

[04 7] *^W<OiJjS^;^IcJ:Uf^il!^^n/t^^«JS 
0. 

[??^©lftRg] 

1 s:*$s« 

2 a«6ia*K<bm 3o 

3 ^aif*s 

4 hlteMtm 

5 hSS 

6 v-:;^ • KU-O^ia 
7 

8 n+.HUv'UaV 

9 ^^^Ji'mis.mi^ 

1 0 ->Ua>Sfi 

2 1 L DDM«E 

2 2 Xi^I^^T^Vv'gV^JU 40 

3 1 ->Ua>Sfi 

3 2 a»i&*.K<kK. 

3 3 

3 4 y-h&mm 

3 5 IB— ©-y- h«S 



3 6 U-^Xh 

3 7 n + 7t?'J->'J=l>S 

3 8 V-^ • KU-f 

3 9 ^^^-jum^mi^ 

4 0 KIbiliffliJM 

4 1 Xtf;$' + ->-v;l/-S 

4 2 

5 1 ys. -mtm ■ 

5 2 iRiJM^^bM 

5 3 n + zHyvUHV® 

5 4 m-<oy- \-mm 

5 5 7;fhU>'^h 

6 0 /tyKK^kK 
6 1 ^S-gl^kffii 
6 2 CVD^jbK 
6 3 •3l(.^^{blii 

6 4 p + 7|?U->U3> 

6 5 K^biiiadM 

6 6 ^>if:x,y'>m 

7 0 Baasi 

7 1 S i 3N4K 

8 1 Si O2j;Ut>BI«m<0ffiU*tJf4e 

8 2 

8 3 ^(4: 

10 1 -> 'J 3 >SI5 

102 >7'-hSllbM 

10 3 y- hsa 

1 0 4 ?^-»'^;l.}f$J5!c^« 

1 0 5 v-;^ • KU-o^iSE 
1 1 0 mtb&^mm 
111 s o I IS 

1 1 2 

1 1 3 ^y^A^-bmm 
1 1 5 p+7t«u->yzi>y- h 

1 1 6 n+7|^iJ->"j3>'5i'-K 

117 n-m<DKmm 

1 6 0 3t^S« 

1 6 1 Si£>>&»K<bR 

1 6 2 V-;i • KU'V^JSE 

16 3 y- hi^m 

1 6 4 hSS 

1 6 5 Sg-coy- h«S 

1 6 6 ^i^mwm 
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PROBLEM TO BE SOLVED: To freely set the threshold voltage Vth of a 
field^effect transistor, without doping impurities. 

SOLUTION: A field-effect transistor has a first gate electrode 7, which is 
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on a channel formation region. As the materials for the electrodes 7 and 
8. materials having different work functions are used. A first gate 
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electrode 7 arid electric fields from the electrodes 8 cause interference 
with each other. The electrode length is preferably set in a length of 40 
nm or shorter. 
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FIELD-EFFECT TRANSISTOR AND MANUFACTURE THEREOF 
* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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2. **** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim l] In the field effect transistor in which a gate electrode is prepared through an 
insulator layer on a semi-conductor, the semi-conductor layer of the lower part of a gate 
electrode accomplishes a channel formation field, and the source drain field of the first 
conductivity type is formed across a channel formation field A gate electrode consists of 
the first gate electrode located in the center section, and the second gate electrode 
located in the both sides, and is set to the second gate electrode. At least the part is 
located on a channel formation field, and when this first conductivity tjrpe is an n mold 
When the work function of the second gate electrode is smaller than the work function 
of the first gate electrode and this first conductivity type is a p mold Where the work 
function of the second gate electrode was larger than the work function of the first gate 
electrode and a threshold electrical potential difference is impressed to a gate electrode 
Electric field to which the potential of a semi-conductor layer becomes higher than a 
gate electrode when the first conductivity type is an n mold Electric field to which the 
potential of a semi-conductor layer becomes lower than a gate electrode when the first 
conductivity type is a p mold The field effect transistor characterized by having the die 
length of spacing of both the interfaces that contact the second gate electrode in the 
first gate electrode which the second gate electrode forms in the center of a gate 
electrode, i.e., the first gate electrode. 

[Claim 2] In the field effect transistor in which a gate electrode is prepared through an 
insulator layer on a semi-conductor, the semi-conductor layer of the lower part of a gate 
electrode accomplishes a channel formation field, and the source drain field of the first 
conductivity type is formed across a channel formation field A gate electrode consists of 



the first gate electrode located in the center section, and the second gate electrode 
located in the both sides, and is set to the second gate electrode. At least the part is 
located on a channel formation field, and when this first conductivity type is an n mold 
When the work fiinction of the second gate electrode is smaller than the work function 
of the first gate electrode and this first, conductivity type is a p mold The field effect 
transistor characterized by the die length of spacing of both the interfaces that contact 
[ in / the work function of the second gate electrode is larger than the work function of 
the first gate electrode, and / the first gate electrode ] the second gate electrode, i.e., the 
first gate electrode, being 40nm or less. 

[Claim 3] In the field effect transistor in which a gate electrode is prepared through an 
insulator layer on a semi-conductor, the semi-conductor layer of the lower part of a gate 
electrode accomplishes a channel formation field, and the source drain field of the first 
conductivity type is formed across a channel formation field A gate electrode consists of 
the first gate electrode located in the center section, and the second gate electrode 
located in the both sides, and is set to the second gate electrode. At least the part is 
located on a channel formation field, and when this first conductivity type is an n mold 
When the work function of the second gate electrode is smaller than the work fiinction 
of the first gate electrode and this first conductivity type is a p mold The work fiinction 
of the second gate electrode is larger than the work fiinction of the first gate electrode. 
When Tm and the threshold electrical potential difference of a transistor are set to Vth 
for the die length of spacing of both the interfaces that contact the second gate 
electrode in the first gate electrode, i.e., the first gate electrode. The field effect 
transistor according to claim 1 characterized by setting Tm as the range in which the 
absolute value of multiplier dVth/dTm which differentiated Vth by Tm becomes larger 
than 4x10 to 3 v/nm. 

[Claim 4] The field effect transistor according to claim 1, 2, or 3 characterized by 
preparing the extension of the first gate electrode in the upper part of the second gate 
electrode. 

[Claim 5] The field effect transistor according to claim 1, 2, 3, or 4 which sandwiched 
the insulator layer between the first gate electrode and the second gate electrode. 
[Claim 6] The field effect transistor according to claim 5 characterized by having a 
conductor linked to these both sides in the upper part of the first gate electrode and the 
second gate electrode. 

[Claim 7] It is the approach of manufacturing the field effect transistor which has the 
first gate electrode and the second gate electrode located in the both sides. Form a 
dummy pattern and a source drain field is formed for a dummy pattern into the 



semi-conductor of the both sides of a dummy pattern at a mask. Cover the whole 
surface by the insulator layer and opening is prepared in the insulator layer on this 
dummy pattern. By removing a dummy pattern, extending opening downward, 
depositing the first conductive ingredient on extended opening, and carrying out 
etchback of this to it by etching from opening The manufacture approach of the field 
effect transistor characterized by using said second gate electrode and the second 
conductive ingredient as said first gate electrode for a side attachment wall by 
establishing a side attachment wall and depositing the second conductive ingredient on 
opening circles continuously, and carrying out patterning of this. 

[Claim 8] Are the approach of manufacturing a field effect transistor according to claim 
1, and a dummy pattern is formed. A source drain field is formed for a dummy pattern 
into the semi-conductor of the both sides of a dummy pattern at a mask. Cover the 
whole surface by the insulator layer and opening is prepared in the insulator layer on 
this dummy pattern. By removing a dummy pattern, extending opening downward, 
depositing the first conductive ingredient on extended opening, and carrying out 
etchback of this to it by etching fi-om opening The manufacture approach of the field 
effect transistor characterized by using said second gate electrode and the second 
conductive ingredient as said first gate electrode for a side attachment wall by 
establishing a side attachment wall and depositing the second conductive ingredient on 
opening circles continuously, and carrying out patterning of this. 

[Claim 9] The manufacture approach of a field effect transistor according to claim 7 or 
8 which forms an insulator layer in the fi-ont face of the side attachment wall, and is 
characterized by depositing the second conductive ingredient continuously after 
preparing a side attachment wall in opening by depositing the first conductive 
ingredient on extended opening, and carrying out etchback of this to it. 
[Claim 10] The manufacture approach of a field effect transistor according to claim 7 or 
8 characterized by growing up the conductor linked to these both sides into the upper 
part of said first gate electrode and the second gate electrode. 

[Claim 11] By forming a dummy pattern, forming a source drain field for a dummy 
pattern into the semi-conductor of the both sides of a dummy pattern at a mask, 
covering the whole surface by the insulator layer, and removing the insulator layer on 
this dummy pattern by CMP The manufacture approach of the field effect transistor 
characterized by preparing opening of an insulator layer in this dummy pattern upper 
part, extending opening downward by etching firom opening removing a dummy 
pattern, embedding a conductive ingredient at extended opening, and making this into 
a gate electrode. 



[Claim 12] By being the approach of manufacturing the field effect transistor which has 
the first gate electrode and the second gate electrode located in the both sides, 
depositing the first conductive ingredient on extended opening, and carrying out 
etchback of this to it The manufacture approach of a field effect transistor according to 
claim 11 which uses said second gate electrode and the second conductive ingredient as 
said first gate electrode for a side attachment wall by establishing a side attachment 
wall and depositing the second conductive ingredient on opening circles continuously, 
and carrying out patterning of this. 

[Claim 13] The manufacture approach of a field effect transistor according to claim 11 
which uses said second gate electrode and the second conductive ingi-edient as said first 
gate electrode for a side attachment wall by being the approach of manufacturing a 
field effect transistor according to claim 1, establishing a side attachment waU and 
depositing the second conductive ingredient on opening circles continuously by 
depositing the first conductive ingredient on extended opening, and carrying out 
etchback of this to it, and carrying out patterning of this. 

[Claim 14] Form a dummy pattern and a source drain field is formed for a dummy 
pattern into the semi-conductor of the both sides of a dummy pattern at a mask. Cover 
the whole surface by the insulator layer and opening is prepared in the insulator layer 
on this dumniy pattern. By etching firom opening, remove a dummy pattern and 
opening is extended downward. The manufacture approach of the field effect transistor 
characterized by using as a gate electrode the conductive ingredient which removed the 
conductive ingredient deposited on the field except opening by CMP, and was embedded 
at opening after depositing a conductive ingredient on the field which contains opening 
at least. 

[Claim 15] It is the approach of manufacturing the field effect transistor which has the 
first gate electrode and the second gate electrode located in the both sides. Form a 
dummy pattern and a source drain field is formed for a dummy pattern into the 
semi-conductor of the both sides of a dummy pattern at a mask. Cover the whole 
surface by the insulator layer and opening is prepared in the insulator layer on this 
dummy pattern. By removing a dummy pattern, extending opening downward, 
depositing the first conductive ingredient on extended opening, and carrying out 
etchback of this to it by etching fi-om opening After depositing the second conductive 
ingredient on the field which prepares a side attachment wall in opening circles, and 
contains opening at least. The manufacture approach of the field effect transistor 
characterized by for CMP removing the second conductive ingredient deposited on the 
field except opening, and using as said first gate electrode the second conductive 



ingredient embedded in the side attachment wall of opening circles at said second gate 
electrode and opening. 

[Claim 16] Are the approach of manufacturing a field effect transistor according to 
claim 1, and a dummy pattern is formed. A source drain field is formed for a dummy 
pattern into the semi-conductor of the both sides of a dummy pattern at a mask. Cover 
the whole surface by the insulator layer and opening is prepared in the insulator layer 
on this dummy pattern. By removing a dummy pattern, extending opening downward, 
depositing the first conductive ingredient on extended opening, and carrying out 
etchback of this to it by etching fi-om opening After depositing the second conductive 
ingredient on the field which prepares a side attachment wall in opening circles, and 
contains opening at least, The manufacture approach of the field effect transistor 
characterized by for CMP removing the second conductive ingredient deposited on the 
field except opening, and using as said first gate electrode the second conductive 
ingredient embedded in the side attachment wall of opening circles at said second gate 
electrode and opening. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to control of the threshold electrical 
potential difference in a field effect transistor. It is related with the field effect 
transistor used especially for a high speed and the high accumulation LSI. 
[0002] 

[Description of the Prior Art] The sectional view of the usual n channel electric field 
effect mold transistor (MOSFET) is shown in drawing 34 . The gate electrode 103 
which consists of nH- polish recon is formed through thin gate oxide 102 on p-mold 
siUcon substrate 101. The source drain field 105 of n+ mold is estabUshed in the front 
face of the silicon substrate 101 of the both sides of the gate electrode 103. In this 
transistor, if an electrical potential difference higher than a threshold electrical 
potential difference is impressed to a gate electrode, the field (inversion layer) where 
concentration of electrons is high will be formed in the silicon substrate (channel 
formation field 104) of the gate electrode lower part, and it will serve as a path 
(channel) of a current. 

[0003] Generally it depends for the threshold electrical potential difference of an 
electric field effect mold transistor on the concentration of the impurity in the channel 



formation field 104 and the sUicon substrate 101 of the neighborhood (for example, 
boron). This is for the magnitude of the electric field which impurity ion brings about to 
change, and for a threshold electrical potential difference to change as a result, when 
high impurity concentration is changed. Therefore, a threshold electrical potential 
difference can be set as a desired electrical potential difference by adjusting high 
impurity concentration. Generally, a threshold electrical potential difference forward in 
an n channel transistor is set up so that it may have a threshold electrical potential 
difference negative in a p channel transistor.. 

[0004] Moreover, the method of setting up a threshold electrical potential difference by 
different approach from installation of an impurity is shown to an lEDM technical 
digest and 117 pages (T. Ushiki et.aL, 1996IEDM Tech Dig., p. 117) by **** and others 
in 1996. The structure is shown in drawing 35 . The gate electrode 113 is formed 
through gate dielectric film 102 on the SOI substrate with which the laminating of the 
SOI layer 111 which embeds on a silicon substrate 101 and consists of an oxide film 110 
and a single crystal semiconductor was carried out, and the source drain field 105 of n+ 
mold is established in the firont face of the SOI layer of the both sides of a gate 
electrode. It has the side attachment wall which consists of an insulator layer 112 in 
the side face of the gate electrode 113, and a channel is formed in the SOI layer 
(channel formation field 104) of the gate electrode lower part. This transistor sets up a 
threshold electrical potential difference by using Ta with a larger work function than 
n+ polish recon as an ingredient of the gate electrode 113 instead of adjusting high 
impurity concentration. 

[0005] This uses the property in which a threshold electrical potential difference is 
dependent not only on high impurity concentration but the work function of a gate 
electrode. This is explained in detail. The potential of a gate electrode falls, so that a 
work function is large. Therefore, in an n channel transistor, if an ingredient with a 
larger work function than n+ polish recon is used as a gate electrode, in order to form a 
channel, it will be necessary to apply a higher electrical potential difference to a gate 
electrode. That is, the threshold electrical potential difference which a channel makes 
form goes up. With the usual n channel transistor, if an impurity is not introduced into 
a channel formation field, a threshold electrical potential difference becomes less than 
[ OV ]. However, if Ta etc. is used for a gate electrode, since a threshold electrical 
potential difference will go up, an impurity is not introduced but a threshold electrical 
potential difference is made also as for ** to a forward value in an n channel transistor. 
[0006] Moreover, although the purpose differs from this invention since the purpose of 
invention is not a setup of a threshold electrical potential difference, the field effect 



transistor shown in drawing 36 aiming at control of a short channel effect and 
relaxation of electric-field concentration is describing at JP,60-43863^. This transistor 
is equipped with the second gate electrode (drawing n+ polish recon 116) with which 
the semi-conductor substrate 101, the source drain field 105 of a different conductivity 
type firom a substrate, the first gate electrode (drawing p+ polish recon gate 115) 
prepared through gate dielectric film 102 on the semi conductor substrate, and the first 
gate electrode prepared in contact with the side attachment wall of the first gate 
electrode differ from a work function. And it is p mold (a source drain field is n mold.) 
about a semi conductor substrate. When considering as an n channel transistor, the 
work function of the second gate electrode is made smaller than the work fiinction of 
the first gate electrode. It is n mold (a source drain field is p mold.) about a 
semi-conductor substrate. When considering as a p channel transistor, the work 
fiinction of the second gate electrode is made larger than the work function of the first 
gate electrode. Moreover, the example which makes one side of the first gate electrode 
and the second gate electrode Mo or Mo silicide is also shown. By carrying out 
induction of the shallow inversion layer to the bottom of the second gate electrode, 
invention shown in drawing 36 eases drain electric field, and realizes control for the 
improvement in dependabihty, or a short channel effect. In addition, with the 
ingredient described here, the work function of p+ silicon (or p+ polish recon) is the 
largest, and n+ silicon (or n+ polish recon) has Mo or smallest Mo silicide following it, 
[0007] This and similar structure are described also at JP,3-227562,A and 
JP,6-151828A. The purpose of invention the purpose of invention given in 
JP,3-227562,A easing the electric field by which induction is carried out to the field 
which carried out deep depression in the drain field in the field to which the gate 
overlaps on a source drain field, and reducing the leakage current, and given in 
JP,6- 15 1828,A is control of a short channel effect. 

[0008] Moreover, contrary to the conventional example of drawing 36 , rather than the 
gate electrode of the above first, the approach of choosing each ingredient fi-om polish 
recon, a metal, etc. is describing the n channel transistor with the source drain field of 
n mold at JP,59-200465,A, JP,6-232389,A, JP,8-340104,A, etc. so that it may become 
large about the work function of the second gate electrode. This is shown in drawing 37. 
The purpose of these invention is control of a short channel effect in JP,59-200465,A at 
relaxation of electric field, JP,6-232389,A, and JP, 8 -340 104, A. 

[0009] Moreover, the method of establishing a side attachment wall with a different 
conductive ingredient from a gate electrode is describing the location on not a channel 
formation field but a LDD field (a source drain field is adjoined and it is the field where 



high impurity concentration is lower than a source drain field with the same 
conductivity type as a source drain field) at JP,63-144574,A, JP,64-89461,A, 
JP, 1-232765 A and JP,5-226361,A. These aim at preventing degradation with the 
passage of time by the trap of the electron (hot carrier) being carried out in the LDD 
section. 
[0010] 

[Problem(s) to be Solved by the Invention] The impurity introduced into the channel 
formation field for control of the first technical-problem threshold has the operation 
which decreases a drain current (current which flows into a drain field) (the first 
technical problem). When the reason a current falls by instaUation of an impurity, has 
low high impurity concentration, the electric field of a direction perpendicular to the 
channel side mainly formed with impurity ion are the cause, and when high impurity 
.concentra;tion is high, dispersion (impurity scattering) of the carrier by impurity ion 
becomes a main cause, a field effect transistor makes this problem detailed, and if thin 
gate oxide is used, and the gate capacitance per unit area becomes large or, it will be 
aggravated. Although using gate oxide with a thickness of 5nm or less is examined by 
the transistor with gate die length smaller than 0.25 micrometers, since the absolute 
value of a threshold electrical potential difference becomes small as gate oxide becomes 
thin, in order to secure a threshold electrical potential difference, it wiD be necessary to 
raise high impurity concentration. Then, the first technical problem becomes more 
serious. Moreover, especially, with the SOI electric field effect mold transistor which 
forms a component in the thin semi-conductor layer (SOI) on an insulator layer, since it 
is necessary to arrange only the impurity which is required for a setup of a threshold 
electrical potential difference in a thin semi-conductor layer, as a result, the high 
impurity concentration in the flowing field becomes high, and the fall of a current 
aggravates a carrier. 

[0011] When setting up a threshold electrical potential difference by installation of the 
second technical-problem impurity, the problem (statistical variation) that distribution 
of an impurity will differ for every transistor and properties, such as a threshold 
electrical potential difference, will differ for every transistor as a result occurs. It is 
known that this problem will become remarkable with detailed izing of a component. 
[0012] the third technical problem - there is a problem in the approach of controlling a 
threshold electrical potential difference by impurity installation, as mentioned above, 
and this is actualized by detailed-izing of a component, and appUcation of SOI 
structure. 

[0013] Since the structure of drawing 35 can set up a threshold, without using an 



impurity, the second technical problem is canceled for a start [ said ]. However, it wlQ 
be decided by this approach with the work function of a proper that a threshold 
electrical potential difference will be the ingredient which constitutes a gate electrode. 
In order to adjust a threshold electrical potential difference, it is necessary to rechoose 
the ingredient of a gate electrode. Since modification of a manufacturing installation, a 
production process, and a raw material is accompanied by modification of an ingredient, 
it becomes difficiilt to change a threshold electrical potential difference simply. 
Moreover, the gate electrode material with which a required threshold is obtained does 
not necessarily surely exist. Although it is originally desirable to decide that actuation 
of the circuit constituted with a transistor becomes the optimal as for a threshold 
electrical potential difference, by this approach, the third technical problem [ say / that 
optimization of a threshold electrical potential difference becomes difficult ] occurs. 
[0014] The fourth technique and similar technique of technical-problem JP,60-43863,A 
( drawing 36 ) are not a thing aiming at controlling installation of an impurity, and 
control of a threshold electrical potential difference, and the second technical problem 
is not solved for a start from the first. These techniques aim at relaxation of electric 
field, and control of a short channel effect. However, when its attention is paid to a 
threshold electrical potential difference, and a transistor is formed in these techniques, 
there is an essential defect [ say / that the usual threshold electrical potential 
difference is not obtained ] (the fourth technical problem). Therefore, since the usual 
threshold electrical potential difference is not obtained even if it produces the field 
effect transistor indicated by these official reports, a circuit cannot be operated 
normally. 

[0015] The fourth technical problem is described in detail. In a Prior art, if an n 
channel transistor is taken for an example, compared with the first gate electrode, the 
threshold electrical potential difference of the second gate electrode will be made low. 
n+ polish recon or an ingredient with a bigger work function than this is used for the 
second gate electrode. An ingredient with a still bigger work fiinction is used for the 
first gate electrode rather than the second gate electrode. Since the gate electrode of 
the usual transistor is n+ polish recon consequently, the work function of the first gate 
electrode becomes larger than the gate electrode of the usual transistor. In the 
transistor of drawing 36 , although a threshold electrical potential difference is decided 
with the potential barrier formed in the first gate electrode lower part, since the work 
function of the first gate electrode is large, a threshold electrical potential difference 
becomes high too much compared with the usual transistor. Since a threshold electrical 
potential difference is dependent on the work function of the first gate electrode, the 



third technical problem that a threshold electrical potential difference cannot be set up 
freely, and the same problem occur. Moreover, if a transistor generally makes it 
detailed, in order to prevent a punch-through (abnormahty actuation in which the 
leakage current flows), impurities (boron etc.) are introduced into a channel formation 
field or its lower part by a Uttle high concentration. Since this impurity ha& the 
operation which makes a threshold electrical potential difference high, if the large 
ingredient of a work function is used for the gate electrode on [ first ] it, a threshold 
electrical potential difference will become high too much. Therefore, also when the 
work function of the first gate electrode is larger than the case of the visual transistor, 
the device on structure is needed so that a threshold electrical potential difference can 
be set as a desired value. In invention of drawing 37 , the second technical problem is 
generated similarly for a start. Moreover, if an ingredient with a bigger work function 
(in the case of an n channel) than n-+- poUsh recon is used in the center, the third and 
fourth technical problem will occur like the technique of drawing 36 . The same 
approach as either the structure (instaUation of an impurity) of said drawing 34 or the 
structure (use of the work function of the gate) of drawing 35 is used for control of a 
threshold. Installation of an impurity generates the second technical problem for a 
start [ said ]. Moreover, when a different ingredient from usual constitutes the center 
section of the gate, the third technical problem occurs, a threshold electrical potential 
difference becomes high too much, and the problem that it cannot adjust to a required 
value arises. 

[00161 Then, the purpose of this invention is solving the above-mentioned technical 
problem, and is offering the electrolysis effectiveness mold transistor which can be set 
up freely, and its manufacture approach for a threshold electrical potential difference, 
without doping an impurity. 
[0017] 

[Means for Solving the Problem] In this invention, the gate electrode of a field effect 
transistor is made into 3 layer structures constituted with the first gate electrode 7 and 
the second gate electrode 8 of both sides of a center section as shown in drawing 1 . The 
ingredient with which work functions differ mutually is used for the first gate electrode 
and the second gate electrode. If the first gate electrode length (Tm, the die length of 
the longitudinal direction of drawing 1 ) is made smaller than a certain die length, it 
will act so that it may have the in-between value (effectual work function) of the work 
function of the ingredient with which the electric field by the first gate electrode and 
the electric field by the second gate electrode constitute interference, and the work 
function of a lifting and a gate electrode constitutes the first gate electrode mutually, 



and the work function of the ingredient which constitutes the second gate electrode. 
Then, with this structure, by changing the width of face of the first gate electrode 7, an 
effectual work function can be changed and a threshold electrical potential difference 
can be adjusted fireely. 

[0018] Therefore, if this invention is used, since the second technical problem is solved 
for a start [ said ] since channel doping for setting up a threshold is not needed and a 
threshold can be adjusted freely, the third technical problem is solved. Furthermore, 
since the effectual work function of a gate electrode becomes small effectually rather 
than the work function of the ingredient which constitutes the first gate electrode, the 
fourth technical problem is mitigable. Moreover, this invention can constitute polish 
recon, a metal, etc. firom combination of the usual ingredient, and does not necessarily 
need a special ingredient (for example, ingredient with a work function lower than n+ 
polish recon). 

[0019] As for becoming remarkable, the electric field by the first gate electrode and the 
electric field by the second gate electrode mutually interference [ the effectiveness of a 
lifting and this invention ] Electric field to which the potential of a semi- conductor 
layer becomes higher than a gate electrode when a source drain field is n mold where a 
threshold electrical potential difference is impressed to a gate electrode Electric field to 
which the potential of a semi-conductor layer becomes lower than a gate electrode 
when a source drain field is p mold When it has the die length of spacing of both the 
inter&ces that contact the second gate electrode in the first gate electrode which the 
second gate electrode forms in the center of a gate electrode, i.e., the first gate electrode, 
when the die length of spacing of both the interfaces that contact the second gate 
electrode in the first gate electrode, i.e., the first gate electrode, is 40nm or less, come 
out, it is and these two conditions are in agreement like the after-mentioned in 
SOIMOSFET which does not introduce an impurity into a channel field. 
[0020] Moreover, in order to make effectiveness of this invention more remarkable, 
when Tm and the threshold electrical potential difference of a transistor are set to Vth 
for the die length of spacing of both the interfaces that contact the second gate 
electrode in the first gate electrode, i.e., the first gate electrode, Tm is set as the range 
in which the absolute value ( | dVth/dTm | ) of multiplier dVth/dTm which differentiated 
Vth by Tm becomes larger than 4x10 to 3 v/nm. 
[0021] Hereafter, a means is described concretely. 

[0022] In this invention, a gate electrode (7 8) is prepared through an insulator layer 4 
on a semi-conductor 3. In the field effect transistor in which the semi-conductor layer of 
the lower part of a gate electrode accomplishes the channel formation field 9, arid the 



source drain field 6 of the first conductivity type is formed across a channel formation 
field A gate electrode consists of the first gate electrode 7 located in the center section, 
and the second gate electrode 8 located in the both sides, and is set to the second gate 
electrode. At least the part is located on a channel formation field, and when this first 
conductivity type is an n mold When the work fimction of the second gate electrode is 
smaller than the work function of the first gate electrode and this first conductivity 
type is a p mold Where the work function of the second gate electrode was larger than 
the work function of the first gate electrode and a threshold electrical potential 
difference is impressed to a gate electrode Electric field to which the. potential of a 
semi-conductor layer becomes higher than a gate electrode when a source drain field is 
n mold Electric field to which the potential of a semi conductor layer becomes lower 
than a gate electrode when a source drain field is p mold It is characterized by having 
the die length of spacing of both the interfaces that contact the second gate electrode in 
the first gate electrode which the second gate electrode forms in the center of a gate 
electrode, i.e., the first gate electrode. This condition specifically appears clearly, when 
Tm is 40nm or less (refer to drawing 44 and drawing 45 ), and this condition is in 
agreement with the conditions to which the effectiveness of adjusting a threshold 
electrical potential difference becomes remarkable by changing the width efface of the 
first gate electrode (refer to drawing 39 and drawing 41 ). 

[0023] Moreover, in this invention, a gate electrode (7 8) is prepared through an 
insulator layer 4 on a semi-conductor 3. In the field effect transistor in which the 
semi-conductor layer of the lower part of a gate electrode accomplishes the channel 
formation field 9, and the source drain field 6 of the first conductivity tj^e is formed 
across a channel formation field A gate electrode consists of the first gate electrode 7 
located in the center section, and the second gate electrode 8 located in the both sides, 
and is set to the second gate electrode. At least the part is located on a channel 
formation field, and when this first conductivity type is an n mold When the work 
function of the second gate electrode is smaller than the work function of the first gate 
electrode and this first conductivity type is a p mold The work function of the second 
gate electrode is larger than the work function of the first gate electrode, and it is 
characterized by the die length of spacing of both the interfaces that contact the second 
gate electrode in the first gate electrode, i.e., the first gate electrode, being 40nm or less. 
When fiilfiUing this condition, the effectiveness of adjusting a threshold electrical 
potential difference becomes remarkable by changing the width efface of the first gate 
electrode (refer to drawing 39 and drawing 41 ). 

[0024] Moreover, in this invention, a gate electrode (7 8) is prepared through an 



insulator layer 4 on the semi-conductor layer 3. In the field effect transistor in which 
the semi*conductor layer of the lower part of a gate electrode accomplishes the channel 
formation field 9, and the source drain field 6 of the first conductivity type is formed 
across a channel formation field A gate electrode consists of the first gate electrode 7 
located in the center section, aixd the second gate electrode 8 located in the both sides, 
and is set to the second gate electrode. At least the part is located on a channel 
formation field, and when this first conductivity type is an n mold When the work 
function of the second gate electrode is smaller than the work fiinction of the first gate 
electrode and this first conductivity type is a p mold The work fiinction of the second 
gate electrode is larger than the work function of the first gate electrode. When Tm and 
the threshold electrical potential difference of a transistor are set to Vth for the die 
length of spacing of both the interfaces that contact the second gate electrode in the 
first gate electrode, i.e., the first gate electrode, It is characterized by setting Tm as the 
range in which the absolute value (|dVth/dTm|) of multiplier dVth/dTm which 
differentiated Vth by Tm becomes larger than 4x10 to 3 v/nm **. When fulfilling this 
condition, the efiectiveness of adjusting a threshold electrical potential difierence 
becomes more remarkable by changing the width of face of the first gate electrode 
(refer to drawing 39 and drawing 41 ). 

[0025] Moreover, in this invention, the extension of the first gate electrode 54 is 
prepared in the upper part of the second gate electrode 53 like drawing 24 . This can 
improve the flow between the increase of the touch area of the first gate electrode and 
the second gate electrode, and two electrodes, and stabihty of the potential of two 
electrodes is carried out. 

[0026] Moreover, in this invention, it is characterized by inserting an insulator layer 
between the first gate electrode 54 and 64 and the second gate electrode 53 like 
drawing 26 and drawing 28 . This has the effectiveness which controls diffusion of the 
impurity between two electrodes, or the chemical reaction between the ingredients 
which constitute two electrodes. 

[0027] Moreover, in this invention, it is characterized by forming the conductor 66 
linked to these both sides in the upper part of the first gate electrode 64 and the second 
gate electrode 53 like drawing 29 . This improves a both gates inter-electrode flow, and 
has the operation which stabilizes the potential of both the gates electrode. 
[0028] Moreover, in this invention, as shown in drawing 19 • drawing 26 , a dummy 
pattern is formed. A. source drain field is formed for a dummy pattern into a 
semi-conductor at a mask. Cover the whole surface by the insulator layer and opening 
is prepared in the insulator layer on this dummy pattern. By removing a dummy 



pattern, extending opening downward, depositing the first conductive ingredient on 
extended opening, and carrying out etchback of this to it by etching fi-om opening It is 
characterized by using said second gate electrode and the second conductive ingredient 
as said first gate electrode for a side attachment wall by establishing a side attachment 
wall and depositing the second conductive ingredient on opening continuously, and 
carrying out patterning of this. 

[0029] Moreover, as drawing 22 R> 2, drawing 23 , drawing 25 . and drawing 26 show, 
after preparing a side attachment wall in opening in the manufacture approach of this 
invention by depositing the first conductive ingredient on extended opening, and 
carrying out etchback of this to it, an insulator layer is formed in the 
side-attachment-wall front face, and it is characterized by embedding the second 
conductive ingredient continuously. 

[0030] Moreover, in this invention manufacture approach, it is characterized by 
growing up the conductor connected with these both sides in the upper part of said first 
gate electrode and the second gate electrode. 

[0031] Moreover, in the manufacture approach of this invention, in order for etching to 
remove this duinmy pattern, in case opening is prepared, it is characterized by 
removing the insulator layer on this dummy pattern by CMP. 

[0032] Moreover, this invention forms a dummy pattern and forms a source drain field 
for a dummy pattern into the semi-conductor of the both sides of a dummy pattern at a 
mask. By covering the whole surface by the insulator layer and removing the insulator 
layer on this dummy pattern by CMP Opening of an insulator layer is prepared in this 
dummy pattern upper part, and opening is extended downward, and etching fi-om 
opening removes a dummy pattern and it is related [ a conductive ingredient is 
embedded at extended opening and ] with the manufecture approach of the field effect 
transistor characterized by making this into a gate electrode. 

[0033] Furthermore, this invention is the^ manufacture approach of a field effect 
transistor of having the first gate electrode and the second gate electrode located in the 
both sides, and is set to the above-mentioned manufacture approach. By depositing the 
first conductive ingredient on extended opening, and carrying out etchback of this to it 
The second conductive ingredient is continuously established a side attachment wall 
and deposited on opening, and a side attachment wall is related with the manufacture 
approach of the field effect transistor used as said first gate electrode in said second 
gate electrode and the second conductive ingredient by carrying out patterning of this. 
[0034] Moreover, this invention forms a dummy pattern and forms a source drain field 
for a dummy pattern into the semi-conductor of the both sides of a dummy pattern at a 



mask. Cover the whole surface by the insulator layer and opening is prepared in the 
insulator layer on this dummy pattern. By etching from opening, remove a dummy 
pattern and opening is extended downward. After depositing a conductive ingredient on 
the field which contains opening at least, CMP removes the conductive ingredient 
deposited on the field except opening, and it is related with the manufacture approach 
of the field effect transistor characterized by using as a gate electrode the conductive 
ingredient embedded at opening. 

[0035] Furthermore, this invention is the manufacture approach of a field effect 
transistor of having the first gate electrode and the second gate electrode located in the 
both sides. Form a dummy pattern and a source drain field is formed for a dummy 
pattern into the semi-conductor of the both sides of a dummy pattern at a mask. Cover 
the whole surface by the insulator layer and opening is prepared in the insulator layer 
on this dummy pattern. By removing a dummy pattern, extending opening downward, 
depositing the first conductive ingredient on extended opening, and carrying out 
etchback of this to it by etching from opening After depositing the second conductive 
ingredient on the field which prepares a side attachment wall in opening circles, and 
contains opening at least, CMP removes the second conductive ingredient deposited on 
the field except opening, and it is related with the manufacture approach of the field 
effect transistor characterized by using as said first gate electrode the second 
conductive ingredient embedded in the side attachment wall of opening circles at said 
second gate electrode and opening. 

[0036] If these manufocture approaches are used, above-mentioned transistor structure 
can be formed easily. 

[0037] The manufsicture approach using the dummy pattern of above-mentioned this 
invention is a transistor with the first and second gate electrodes, and may be applied 
to that (for example, thing from which the purposes, such as the conventional example 
of drawing 36 , differ) in which the dimension of the first gate electrode and a setup of a 
work function differ from the structure of drawing 1 . The advantage of these 
manufacture approaches is that formation of a pattern is easy in the first place. 
Generally the gate electrode is so easy to process it that it is large. However, it is forced 
to form the first gate electrode previously and to form the first gate electrode in a 
dimension smaller than gate length (overall length which set the first and second gate 
electrodes) with lithography at the process which prepares the second gate electrode in 
the side attachment wall. However, since the manu&cture approach of this invention 
should just form a dummy pattern equal to the overall length of the gate with 
lithography, the burden of a lithography process is mitigated. It is reduction of the 



effect of heat in the second. Since the first and second gate electrodes are formed for a 
dummy pattern after forming a source drain field in a mask, migration of the ion 
between a chemical reaction or an interface does not break out by the first and second 
interfaces of a gate electrode by heat treatment at the time of forming a source drain 
field. 

[0038] Furthermore, while not performing a photolithography process, simphfying a 
process and mitigating the burden in a process in case the insulator layer of the upper 
part is removed and a dummy pattern is exposed if the process to which CMP removes 
the insulator layer of the upper part of a dummy pattern, and a dummy pattern is 
exposed is used, the defects by location gap of the pattern accompanying a 
photoUthography are reducible. After embedding a conductive ingredient into opening, 
a conductive ingredient is processed by CMP, and flat structure will be acquired if the 
process which obtains a gate electrode is used. In addition, the advantage of the CMP 
process described here is acquired, also when the gate consists of a single ingredient 
and it apphes. 

[0039] Moreover, if opening with width efface wider than a dummy pattern is prepared 
on a dummy pattern, since the width efface can be made large in the upper part of the 
gate electrode formed, gate resistance can be reduced. 
[0040] 

[Embodiment of the Invention] With reference to the first operation gestalt **** and 
drawing 1 , the configuration of 1 operation gestalt of this invention is explained. 
[0041] On the semi-conductor layer 3 on an insulator 2 (SOI layer), the first gate 
electrode 7 is formed through gate dielectric film 4. On the gate dielectric film of the 
both sides of the first gate electrode, the second gate electrode 8 is formed in contact 
with the side face of the first gate electrode, and the source drain field 6 of the first 
conductivity type is established in the fi-ont face of the semiconductive layer of the 
outside of the second gate electrode. When the first conductivity type is an n mold, the 
work function of the second gate electrode is smaller than the work function of the first 
gate electrode, and when the first conductivity type is a p mold, the work function of 
the second gate electrode chooses the ingredient of the second gate electrode for a start 
so that it may become larger than the work function of the first gate electrode. For a 
start, the second gate electrode flows mutually and the same electrical potential 
difference is impressed. The first gate electrode length (the die length of Tm and the 
first gate electrode in the horizontal direction of drawing 1 ) may be 40nm or less. 
[0042] In this structure, the result of having searched for the first gate electrode length 
(Tm) dependency of a threshold electrical potential difference by the device simulator is 



shown in drawing 38 and drawing 40 . Simulation was performed to the transistor (n 
channel transistor) with the source drain field of n+ mold, gate length (L: - the overall 
length of the gate with which the first gate electrode 7 and the second two gate 
electrode 8 were aligned -- it is the width efface of the longitudinal direction of 
drawing 1 ) is 0.1 micrometers and 0.2 micrometers, respectively. In gate oxidation 
thickness, lOnm and a drain electrical potential difference set 1.5nm, 3nm, 5nm, and 
SOI thickness to O.IV. The second gate electrode made the work fiinction of n+ polish 
recon and the first gate electrode the center of a forbidden band of sihcon. It is not 
doping in the SOI layer 3 of the channel formation field 9. In addition, the threshold 
electrical potential difference was made into the . gate voltage fi-om which a drain 
current is set to 10-7A in the transistor with the same gate width as gate length. 
[0043] When the first gate electrode length Tm is changed, it turns out that the 
threshold electrical potential difference Vth changes. This effectiveness is remarkable 
especially when Tm is 40nm or less. This reason is explained. In 50nm or more, Tm 
will go up, if, as for a threshold electrical potential difference, gate oxide becomes thick. 
This is the same behavior as the usual transistor. The more the gate oxide fi-om which 
the electric field of the direction which makes potential of a gate electrode higher than 
the potential of the channel to which an electron flows are formed into gate oxide, and 
separate a channel and a gate electrode becomes thick, the more this behavior is 
reflecting that the potential difference of both the interfaces of gate oxide becomes 
large, and the potential of a gate electrode becomes high. However, it will fall, if, as for 
a threshold electrical potential difference, gate oxide becomes [ Tm ] thick by 40nm or 
less, and behavior differs firom the usual transistor. The electric field .of the first gate 
electrode and the electric field of the second gate electrode interfere in this mutually, 
and it reflects that different potential distribution from the. usual transistor between a 
gate electrode and a channel is formed. In this field, the threshold electrical potential 
difference of a transistor is decided by the electric field in which both electric field are 
mixed and formed rather than is decided by the electric field from the first or the 
second one of gate electrodes. This is served as it changed to the effectual work 
fiinction in which the work function of a gate electrode has the middle value of the 
ingredient which constitutes the first gate electrode, and the ingredient which 
constitutes the second gate electrode. Consequently, as shown in drawing 38 R> 8 and 
drawing 40 , a threshold electrical potential difference can be changed now a lot by 
changing the width of face of the first gate electrode, and changing the interference 
situation of electric field. And as shown in these drawings, when the electric field of the 
first gate electrode and the electric field of the second gate electrode change the first 



gate electrode length in the conditions (Tm is 40nm or less) which cause interference 
mutually, a threshold electrical potential difference can be changed a lot. Moreover, 
since the same simulation result is obtained also when changing gate length, it can be 
said that this relation is realized even when gate length differs. Therefore, if the 
electric field of the first gate electrode and the electric field of the second gate electrode 
change the first gate electrode length like this invention in the range (40nm or less) 
from which interference is started mutually, a threshold electrical potential difference 
can be set up freely. Moreover, even if the above-mentioned simulation result does not 
introduce an impurity into a channel formation field, it shows that a forward threshold 
electrical potential difference is obtained in the n channel transistor. 
[0044] Moreover, about a p channel transistor, if all polarities are made into reverse, 
the same thing will be realized. 

[0045] Since a threshold electrical potential difference can be fireely set up according to 
the above operation, without the field effect transistor of this invention needing 
installation of an impurity, the second technical problem is solved for a start. Moreover, 
since a threshold electrical potential diiBference can be fireely adjusted by changing the 
width of face of the first gate electrode, in order to change a threshold, there is no need 
of changing the ingredient which constitutes the first gate electrode, and the third 
technical problem is solved. 

[0046] Interference with the electric field of the first gate electrode and the electric 
field of the second gate electrode is explained concretely. 

[0047] The sectional view of the transistor of this invention is shown in drawing 42 
Since the work function of the second gate electrode 165 is smaller than the work 
function of the first gate electrode 164 in the case of an n channel transistor, the 
potential of the second gate electrode is higher than the first gate electrode. For this 
reason, the potential of the lower part of the first gate electrode rises by the electric 
field fi^om the second gate electrode, as shown in the arrow head of drawing 42 . This is 
interference of the electric field described above, and this becomes so remarkable that 
the first gate electrode length is small. Moreover, directly under the first gate electrode, 
the effect of the first gate electrode is large, and since potential becomes low, this 
effectiveness becomes remarkable for example, in a channel formation field at the part 
and concrete target which kept their distance a little from the first gate electrode of the 
lower part of the first gate electrode. , 

[0048] The rise of potential is shown in drawing* 43 . This shows vertical potential 
distribution in the center section of the first gate electrode, a thing [ in / in component 
structure / drawing 39 ] - ** - it is the same and is the case where the curve (b) of the 



center of drawing 43 is Tm=30nin. A drain electrical potential difference is CIV. The 
curve in drawing 43 (a) is the case where the whole gate electrode is a metal for a curve 
(c) when the whole gate electrode is n+ polish recon (when a work function is assumed 
to be the center of a prohibition object of silicon)! Although curved (a) structure 
corresponds to curved (b) structure when the whole gate electrode is the same 
ingredient as the second gate electrode, and curved (c) structure is the ingredient as 
the first gate electrode with the same whole gate electrode When drawing 43 is seen, 
the potential in the SOI layer in a curve (b) becomes in the middle of a curve (a) and a 
curve (b), and it turns out that the electric field in curved (b) structure show behavior 
with which the electric field in the case of n+ polish recon and the electric field in the 
case of a metal were mixed. The vertical potential distribution at the time of 
impressing the threshold electrical potential difference of a transistor and the 
becoming electrical potential difference is shown in a gate electrode at drawing 44 and 
drawing 45 . Component structure is the same as that of the thing in drawing 39 , and 
a drain electrical potential difference is O.IV. When the die length Tm of the first gate 
electrode is 30nm and 40nm ( drawing 44 ), the potential of a SOI layer is higher than 
a gate electrode, and mixing of said electric field has occurred. In this case, if 
interference of the electric field fi-om the second gate electrode is remarkable and lOnm 
of Tm(s) is changed, 40mV or more of threshold electrical potential differences will 
change (equivalent to the variation of the potential at the right end of drawing). On the 
other hand, when the die length Tm of the first gate electrode is 50nm, 60nm, and 
70nm ( drawing 45 R> 5); the potential of a gate electrode is higher than a SOI layer, 
and it is not different firom the case where the same bias conditions are given at all in 
the usual MOSFET. Namely, change of the threshold electrical potential difference at 
the time of there not being interference of remarkable electric field which were 
described above, and mixing, and changing lOnm of Tm(s) is as small as 10-15mV. 
[0049] Therefore, the conditions to which mixing of electric field becomes remarkable in 
this invention (Tm is 40nm or less.) The potential of a SOI layer is higher than a gate 
electrode. The potential in gate oxide becomes low by the gate electrode side. By using 
positively, it makes it possible to control a threshold electrical potential difference 
greatly by controlling the first gate electrode length Tm. 

[0050] Although it accepts in [ on the usual SOIMOSFET and / distribution / as for 
which the potential of a SOI layer becomes higher than a gate electrode when a 
threshold electrical potential difference is impressed to a gate electrode / potential / 
when a drain electrical potential difference is very high ] the field especially near a 
source drain field etc., this invention is generated by interference of the electric field of 



the gate electrode of the first and ** a second, and it generates that a drain electrical 
potential difference is low. Moreover, in this invention, this is accepted also in the 
center (in drawing: 43 and drawing 44 , it sets to the transistor of 0.1 micrometers of 
gate length, and is the location of 0.05 micrometers from the source) of the gate. 
Moreover, although the potential distribution to which the potential of a SOI layer 
becomes higher than a gate electrode is accepted also when a lot of donors are 
introduced into a SOI layer (the second technical problem occurs for a start in this 
case), this invention does not introduce a donor but is excellent in the point that the 
second technical problem does not occur for a start. Moreover, the potential distribution 
to which the potential of a SOI layer becomes higher than a gate electrode has a power 
source for impressing an electrical potential difiference to a substrate, and the fault to 
which wiring is needed in this case, although it generates also when a forward 
electrical potential difference is impressed to a support substrate. This invention does 
not have these faults, either. 

[0051] Drawing 39 and drawing 41 show the value (dVth/dTm) which differentiated the 
threshold electrical potential difference Vth of an n channel transistor by the first gate 
electrode width of face Tm. Drawing 39 is 0.1 micrometers of gate length, and drawing 
41 is the case of 0.2 micrometers. If Tm becomes larger than 40nm, the value will fall 
to 20% or less of the field (Tm=10nm) where Tm is small. Although the value of 
dVth/dTm is one to 2x10 to 2 v/nm in Tm=10nm, it is set less than to 2x10 to 3 v/nm by 
Tm=50nm, and becomes about [ of a Tm=10nm value ] 1/10 mostly in Tm=60nm. 
Therefore, even if it makes Tm thick to 50nm or more, the effectiveness of the Tm 
dependency of Vth being small and controlling a threshold by changing Tm fades. On 
the other hand, by Tm=40nm, the value of dVth/dTm is in the range of 1,5x10 to 3 v/nm 
to 4x10 to 3 v/nm, and Tm becomes larger than this iDy less than 40nm. Therefore, for a 
start, in the range (Tm is 40nm or less) firom which the electric field of the second gate 
electrode start interference, the Tm dependency of Vth is large and Vth can be 
effectively adjusted by adjusting the width of face of the first gate electrode. 
[0052] Moreover, since it will fall if the value of dVth/dTm has thin gate oxidation 
thickness, Tm may be set as the range in which the same value as the case where gate 
oxide is thick is acquired to control a threshold electrical potential difference greatly, 
even if it is the range fi-om which the second gate electrode starts interference for a 
start as shown in drawing 39 . For example, in Tm=40nm and 5nm of gate oxidation 
thickness, since the value of dVth/dTm is in the range of 3x10 to 3 v/nm to 4x10 to 3 
v/nm, when the structure conditions of components, such as gate oxide, change, Tm is 
set as the range in which the value of dVth/dTm exceeds 4x10 to 3 v/nm. In this case. 



by 37nm or less and 1.5nm of gate oxidation thickness, Tm will be set as 32nm or less 
for Tm from drawing 39 at 3nm of gate oxidation thickness. By carrying out like this, 
Vth can use a sensitive field to Tm. 

[0053] In addition, since the value of Vth and dVth/dTm becomes negative with a p 
channel transistor, ** which sets up Tm so that it may have the relation same about 
the absolute value as a top is good. Therefore, the relation reaUzed to both an n 
channel transistor and a p channel transistor by transposing above-mentioned Vth and 
above-mentioned dVth/dTm to each absolute value is obtained. Moreover, Tm decided 
to the n channel transistor may be applied to a p channel transistor as it is, 
[0054] Moreover, there are usually two purposes, a setup of a threshold and control of a 
punch-through, in introducing an impurity in FET. Moreover, high impurity 
concentration influences both threshold and punch-through conversely. That is, in 
addition to a setup of a threshold, in the usual MOSFET, an impurity is introduced also 
from a viewpoint of control of a punch-through. Therefore, in order to set up a 
threshold electrical potential difiFerence, even if it has formed the structure which does 
not need to introduce an impurity, there will be a problem that the impurity introduced 
for punch-through control affects a threshold, and causes the second technical problem 
for a start [ said ]. However, in the example of this invention described above, since pile 
SOI structure is used for a lifting for a punch-through, it is not necessary to introduce 
an impurity also firom a viewpoint of punch-through control, and the second technical 
problem is solved for a start [ said ]. In addition, what is necessary is just to set up the 
value of Tm so that a required threshold electrical potential difference may be filled 
within limits described above. For example, it sets up so that a threshold electrical 
potential difference may serve as a forward value with an n channel transistor. Since 
drawing 38 R> 8 to this is a case more than Tm, it is desirable to set the value of Tm to 
3.5nm or more. A CMOS circuit etc. is important for especially this in the circuit which 
needs a forward threshold electrical potential difference, moreover - if it is going to 
make small the double figures OFF state current (drain current at the time of 
impressing OV to a gate electrode) compared with the case where a threshold electrical 
potential difference is impressed to a gate electrode - a threshold electrical potential 
difference - about 0.12 - since it is necessary to carry out to V or more, Tm is set up so 
that this may be filled. In this case, as for drawing 38 to Tm, it is desirable that it is 
llnm or more. Moreover, in the CMOS circuit which generally operates with about 
[ 1.2- 1.5V ] supply voltage, it is desirable to set up Tm so that this may be filled with 
setting a threshold electrical potential difference as 0.2-0.3V, since it is thought that a 
working speed, leakage current, and the noise margin are made as for ****** to 



coincidence good (1997 besides TAUA, an eye I dee em tech NIKARU digest, 215 pages). 
In this case, drawing 38 to Tm has the desirable range of 18nm - 30nm. 
[0055] Moreover, it is larger than n+ polish recon whose work function of the first gate 
electrode (p+ polish recon. Mo, Mo siUcide) is the ingredient used as a gate electrode 
with the usual transistor in the conventional example of drawing 36 for example. In 
this case, the problem that the threshold electrical potential difference of a transistor 
becomes high too much occurs. Although it depends for a threshold electrical potential 
difference on the high impurity concentration of a channel formation field, and the 
work function of the gate, since impurity doping to a channel formation field is 
required also because of control of a punch-through (generating of the leakage current 
by unnecessary flow), if doping for controlling a punch-through is performed, a 
threshold electrical potential difference becomes high too much, and cannot apply it to 
an actual component. This can be said to be what said third technical problem and the 
same problem generate in order that a threshold may be dependent on the work 
function of the first gate electrode. If the first gate electrode length is set to 40nm or 
less by this invention also about this, it can use that the electric field by the second 
gate electrode interfere notably for a start, and can prevent a threshold becoming high 
too much, and it can set up so that the optimal threshold can be obtained. Therefore, if 
this invention is applied to the conventional example of drawing 36 , since the work 
function of the first gate electrode can be lowered effectually, the problem that a 
threshold electrical potential difference becomes high too much is solved, and 
application in a circuit is attained. 

[0056] Moreover, a threshold electrical potential difference is decided by interference 
with the electric field of the first gate electrode, and the electric field of the field 
contiguous to the gate electrode of [ first ] the second gate electrode with the structure 
of this invention. Therefore, when the second gate electrode length (the die length of 
the longitudinal direction of the second gate electrode in the horizontal direction in 
drawing 1 ) is large, a lateral part (part which adjoins a source drain field) does not 
participate in a threshold electrical potential difference among the second gate 
electrode. Since the die length of the lateral part which does not participate in a 
threshold will only change even if the second gate electrode length becomes large if the 
first gate electrode length is fixed, it stops therefore, depending for a threshold 
electrical potential difference on the overall length of the gate. That is, a short channel 
effect is controlled. Also in drawing 36 and the conventional example of drawing 37 , 
although control (effectiveness by easing electric field) of a short channel effect is 
asserted, this invention controls a short channel effect by different principle 



(effectiveness that the effect which the die length of the second gate electrode has on a 
threshold is small) from these, and the effectiveness is superior to the conventional 
example. In addition, this effectiveness is acquired by the configuration in which 
interference of the electric field of the second gate electrode occurs for a start which 
this invention asserts.. 

[00571 Moreover, in the usual field effect transistor, if a source drain field enters the 
bottx)m of a gate electrode by diffusion of an impurity, the distance between two source 
drain fields (activation channel length) will become small, and, as a result, a threshold 
electrical potential difference will be changed. However, with the structure of this 
invention, since the potential of the lower part of the first gate electrode changes in 
response to interference of the electric field of the second gate electrode, the structure 
of the lower part of the second gate electrode seldom influences a threshold electrical 
potential difference. Therefore, although a source drain field enters the bottom of a 
gate electrode by diffusion of an impurity, if it is extent to which it enters into the 
second gate electrode lower part in part, since fluctuation of a threshold electrical 
potential difference is small, the property variation of a component resulting from 
diffusion of the longitudinal direction of the source / drain impurity is controlled. 
[0058] Moreover, in order to shorten the overall length of the gate, Uttle way of the 
component of a gate electrode is good [ even if the first gate electrode connects 
continuously 2 or more sets of combination inserted into the second gate electrode, the 
same effectiveness is acquired, but ]. Therefore, the 3 above-mentioned layer structure 
which sandwiched the first gate electrode with the second two gate electrode is the 
most desirable from detailed -izing of a component. Moreover, the request of becoming 
the symmetry to exchange of a source drain field also fulfills these 3 layer structures. 
[0059] In addition, unlike description of JP,60-43863,A, in the description about this 
invention, the conductivity type of a source drain field is called the first conductivity 
type. It is because the first conductivity tyj>e and a source drain field may be unable to 
be defined for the substrate with which, as for a conductivity type not necessarily 
contrary to a source drain field, the conductivity type of a channel formation field may 
not become in a SOI transistor etc., and this makes a channel formation field like 
JP,60-43863,A as the second conductivity type. In addition, since the conductivity type 
(channel type) of a field effect transistor is surely in agreement with the conductivity 
type of a source drain field, the conductivity type explained to be the first conductivity 
type in explanation of this invention is in agreement with the channel type of a 
transistor. 

[0060] Next, the example of structure to which the part was changed in the structure 



shown in drawing 1 is explained. 

[0061] If a source drain iBeld does not arrive at the bottom of the boundary section of 
the second gate electrode for a start, the part may also enter the bottom of the second 
gate electrode ( drawing 3 ). Since this makes the electric field by the second gate 
electrode interfere and sets up a threshold electrical potential difference for a start, it 
is because a part of second gate electrode [ at least ] should just be on a channel 
formation field, 

[0062] Moreover, the thickness of gate dielectric film may be thinner than the lower 
part of the first gate electrode in the lower part of the second gate electrode ( drawing 
4 ). If the oxide film under the second gate electrode is made thin, since termination of 
the electric field fi-om a source drain field will be carried out with a gate electrode, it 
becomes advantageous to control of a short channel effect. This structure is effective to 
control [ for the first gate oxide to set up a threshold more highly since a threshold 
becomes low so that it is thick, and ] a short channel effect on the other hand, 
[0063] In the manufacture approach shown in below-mentioned drawing 10 - drawing 
18 , this structure is formed [ when an oxide film is exaggeratedly etched after etching 
of the first gate electrode, or ], when the oxide film of a center section is thickened by 
oxidation etc. in the manufacture approach shown in below* mentioned drawing 19 - 
drawing 26 after forming the second gate electrode, and an oxide film is again 
deposited by CVD etc. 

[0064] Moreover, the thickness of gate dielectric film may be thicker than the lower 
part of the first gate electrode conversely in the lower part of the second gate electrode 
( drawing 5 ). If the insulator layer under the second gate electrode is thickened, the 
second gate electrode and the electric field between source drain fields will become 
weak. However, the effectiveness that the second gate electrode carries out termination 
of the electric field fi:om a source drain field in this case becomes weak. Therefore, the 
need of controlling a short channel effect when gate length is comparatively long (for 
example, 0.25 micrometers) is low, instead this structure becomes effective to control 
the electric field between a source drain field and the gate fi-om the need of controlling 
leakage current etc. (for example, component used for dynamic memory). In the 
manufacture approach of below-mentioned drawing 10 - Fig. 1818 , this structure is 
formed, when oxidation for the second time is performed after etching of the first gate 
electrode, or when the oxide film of a center section is thin film ized by etching etc. in 
the manufacture approach of below-mentioned drawing 19 - drawing 26 after forming 
the second gate electrode. 

[0065] the second gate electrode length (horizontal direction of the cross section of 



drawing 6 ) - the first gate electrode length being the same ( drawing 6 ) - moreover, 
it may be thinner than the first gate electrode ( drawing 7 ). Moreover, a part may be 
the LDD field 21 where high impurity concentration is lower than a source drain field 
in the first conductivity type among source drain fields ( drawing 8 ). Moreover, a part 
may be the extension field 22 ( drawing 9 ) high [ to the same extent as a source drain 
field ] and formed with the first conductivity type, more shallowly than other parts of a 
source drain field among source drain fields. However, also in which case, in this 
invention, a part of second gate electrode [ at least ] must be located in the upper part 
of the channel formation field which is neither a LDD field nor an extension field, and 
the first gate electrode length Tm must be set as the range (40nm or less) in which the 
electric field from the second gate electrode interfere notably for a start. 
[0066] Next, the concrete dimension of a transistor configuration is shown as an 
example of an operation gestalt, 

[0067] Drawing 1 is the sectional view of the field efiect transistor by this invention. In 
the SOI substrate with which the semi-conductor layer 3 (SOI layer) which consists of 
Si02 with a thickness of 400nm, and which embeds and consists of single crystal 
sihcon with a thickness of lOnm through an oxide film 2 is formed on the support 
substrate 1 which consists of a silicon wafer The first gate electrode 7 which consists of 
TiN with a width of face [ of 20nm ] (horizontal direction in the cross section of drawing 
I ) and a thickness (the height direction) of lOOnm is formed through the gate dielectric 
film 4 which consists of thermal oxidation film with a thickness of 3nm on a 
semi-conductor layer. On gate dielectric film 4, the side face of the gate electrode 7 is 
touched and the second gate electrode 8 with a width of face (horizontal direction in the 
cross section of drawing 1 ) of 50nm is formed at the both sides of the first gate 
electrode 7. The source drain field 6 of n+ mold with which Lynn was introduced into 
high concentration (for example, 1019cm- 3) is formed in the semi-conductor layer 3 of 
the both sides of the second gate electrode. For a start, the field inserted into the lower 
part of the second gate electrode and the source drain field 6 accomphshes the channel 
formation field 9 in which the channel by the electron is formed. 

[0068] Here, the range of the thickness of the semi-conductor layer 3 is usually 5 to 
lOOnm. It is referred to as 5nm or more for controlling the effect of a 
quantum-mechanical size effect (fluctuation of subband level), and may be lOOnm or 
less because it is easy to form a perfect depletion-ized mold component with a sufficient 
component property. The depressor effect of a short channel effect is searched for more 
strongly, and when the effect of a quantum- mechanical size effect may come out, you 
may make it thinner than this^ Moreover, when not forming a perfect depletion-ized 



mold component in the case where gate length is long (for example, 1 microns or more), 
and a short channel effect is hard to be generated, and LSI, in the high proof pressure 
MOS etc., it is good also considering the thickness of a semi conductor layer as lOOnm 
or more (when using a partial depletion-ized mold component). Arsenic is sufficient as 
the impurity introduced into a soiurce drain field. Moreover, the source drain field may 
have the structure of the EREBE Ted mold which projects above a channel formation 
field front face. Moreover, a semi conductor layer may be a polycrystal semi-conductor. 
In this case, although reduction of the current by the increment in the leakage current 
and grain boundary dispersion etc. occurs compared with the case where it is a single 
crystal layer, it has the advantage [ say / that a substrate can be manufactured easily ]. 
[0069] When the thickness of the embedding oxide film 2 acquires the effectiveness of 
this invention, there is especially no limit. Usually, in the SOI substrate produced by 
the lamination technique, although an embedding oxide film is 80nm to about 400nm 
in the SOI substrate produced by about 2 microns and the SIMOX technique fi-om 1 
micron, when thick [ than these and ], this invention can be applied. Moreover, it is 
appUcable also to the structure which replaces with an embedding oxide film, has thick 
insulating substrates, such as sapphire, and does not have the support substrate 1, 
[0070] The thickness of gate dielectric film is usually 2nm to about 20nm. If thinner 
than this, although the leakage current fi-om a gate electrode occurs, when there may 
be much appUcation top leakage current of a component, an insulator layer thinner 
than this may be used according to tunnel current. Moreover, although referred to as 
20nm or less for acquiring the drain current generally demanded as a component for 
LSI, in a high proof-pressure component etc., when the electric-field relaxation in gate 
oxide is more important than a drain current, it may be thicker than this, gate 
dielectric film may be Si02, or you may be the other insulator 4, for example, Si3N, 
and Ta205 grade. Moreover, the laminating of two or more ingredients may be carried 
out. 

[0071] Let the overall length (the horizontal die length of the sum total of the first gate 
electrode and the second two gate electrode, and^the drawing 1 cross section) of a gate 
electrode be the range of about 0.6 microns firom 30nm. Although it is the dimension 
usually used when the transistor for LSI is assumed, and the dimension said to be used 
in the future, as for this, the high proof pressure MOS etc. may be larger than this, 
when applying to other applications. 

[0072] Moreover, in an n channel transistor, the first gate electrode may be metallic 
compounds, such as metals, such as p+ poUsh recon, and Mo, W, Ta, metal sihcide, and 
TiN, etc. Moreover, when the first gate electrode is p+ poUsh recon, the second gate 



electrode may be metals, such as Mo, W, and Ta, metal silicide, etc. In these ingredients, 
the work function of p+ polish recon iis the largest, degrees are metal silicide, such as 
Mo, W, Ta, or tungsten silicide, and TiN, and the work function of n+ pohsh recon is the 
smallest. What is necessary is to just be set up also including these ingredients or 
ingredients other than these, so that the work function of the second gate electrode 
may become smaller than the first gate electrode. In addition, when setting a threshold 
as less than [ 0.5V ], it is suitable in order to obtain the threshold electrical potential 
difference which needs the combination which makes the first gate electrode a metal or 
metal silicide, and makes the second gate electrode n+ polish recon. When a p channel 
transistor forms, a source drain field is used as p+ mold which introduced boron, and it 
is set up so that the work function of the second gate electrode may become larger than 
the first gate electrode. For example, TiN and. the second gate electrode are formed for 
the first gate electrode by p+ polish recon. 

[0073] In addition, when not performing channel doping, in order for a threshold 
electrical potential difference to have a forward value in an n channel transistor, the 
ingredient of the first gate electrode must have a work function larger than a source 
drain field. In order for a threshold electrical potential difference to have a negative 
value in a p channel transistor, the ingredient of the first gate electrode must have a 
work function smaller than a source drain field. 

[0074] The case where a source drain field enters into drawing 3 over width of face of 
lOnm in the structure of drawing 1 at the lower part of the second gate electrode is 
shown. If a part of second gate electrode is built on the channel formation field, as 
stated previously, even if the part is on a source drain field Uke drawing 3 , the 
effectiveness of this invention will not be replaced. 

[0075] With the structure of drawing 4 , thickness of gate dielectric film is set to 3nm 
under 5nm and the second gate electrode under the first gate electrode. With the 
structure of drawing 5 , thickness of gate dielectric film is set to 5nm under 3nm and 
the second gate electrode under the first gate electrode. 

[0076] In the structure of drawing 1 , the case (for example, width of face of 20nm) 
where the width of face of the second gate electrode is the same as the first gate 
electrode is shown in drawing 6 . Moreover, in the structure of drawing 1 , the case 
where the width of face of the second gate electrode is smaller than the first gate 
electrode is shown in drawing 7 . For example, width of face of 20nm and the second 
gate electrode is set to 15nm for the width efface of the first gate electrode, 
[0077] Next, the manufacture approach is explained with reference to drawing 10 - 
drawing 12 . 



[0078] As shown in drawing 10 , in the SOI substrate with which the semi-conductor 
layer 33 (SOI layer) which consists of Si02 with a thickness of 400nm, and which 
embeds and consists of single crystal silicon with a thickness of 12nm through an oxide 
film 32 is formed on a silicon substrate 31, the fi-ont face of the semi-conductor layer 33 
is oxidized thermally, and the gate dielectric film 34 which consists of Si02 with a 
thickness of 3nm is formed. Then, the TiN film with a thickness of lOOnm is deposited 
on the whole surface by the CVD method or the spatter, and patterning of the 
photoresist 36 is carried out to width of face of 30nm in the upper part: What is 
necessary is just to use for exposure of a resist the ingredient which has the annular 
molecular structures, such as carixarene and chloromethylation carixarene, as a resist 
using the direct writing technique (for it to indicate to EB straight-writing, for example, 
a Nikkei micro device, the November, 1997 issue, and 141- 144 pages) by the electron 
beam, in order to obtain the detailed pattern of 30nm here. The first gate electrode 35 
with 50nm [ in thickness ] and a width of face of 30nm which carries out patterning of 
the photoresist 36 by RIE (reactive ion etching), and becomes a mask firom TiN about 
the TiN film is formed, and the structure of drawing 10 is acquired. 

[0079] Since the level difference of the isolation section (LOCOS) is small in a 
siUcon-on insulator desubstrate, in case patterning of the TiN is carried out, it is hard 
to produce the etching remainder of TiN in the level difference section of an isolation 
edge. Therefore, over etching aiming at preventing the etching remainder can be 
lessened. Although over etching gives a damage to gate oxide in the field of the both 
sides of the first gate electrode, since over etching can be controlled, the damage to gate 
oxide can be controlled. When forming a component on a bulk substrate, the problem of 
over etching can be similarly solved by using isolation with few level differences, such 
as trench separation. 

[0080] Next, as shown in drawing 11 , n+ polish recon 37 (doped polysilicon) with a 
thickness of 50nm is deposited on the whole surface by CVD. Next, the second gate 
electrode which carries out etchback of the nH- polish recon over 50nm in thickness, and 
becomes the side face of the first gate electrode 35 from n+ polish recon 37 with a width 
of face of 50nm by the anisotropic etching by RIE is formed. Then, for a start, 
high-concentration Lynn is introduced into the semi-conductor layer 33 for the second 
gate electrode at a mask, and the source drain field 38 of n+ mold is formed in the 
outside of the second gate electrode ( drawing 12 ). The lower part of a gate electrode 
serves as the channel formation field 39. Formation of a source drain field uses the ion 
implantation of for example, low acceleration voltage. By [ a certain ] being, removing 
[ RIE 1 the gate dielectric film of the field of the outside of a gate electrode and 



depositing phosphorus glass (PSG) on the whole surface on a mask continuously in the 
second gate electrode for a start, and performing heat treatment for 10 seconds at 850 
degrees C, the semi-conductor layer 33 is made to diffuse Lynn from PSG, and a source 
drain field is formed. Moreover, you may control that diffusion of Lynn invades into the 
lower part of the second gate electrode by preparing the side attachment wall of an 
oxide film in the outside of the second gate electrode before PSG deposition. The second 
gate electrode deposits the poUsh recon (contest non dope polysilicon) which does not 
contain an impurity at first, diffuses Lynn from PSG ih.formation and coincidence of a 
source drain field, and this may be made to become n+ mold. 

[0081] Moreover, gate oxide is beforehand set up more thickly with 5nm, over etching is 
performed in RIE for the first gate electrode formation, and by shaving off a little oxide 
film of the both sides . of the first gate electrode, in the first gate electrode, if short-time 
oxide-film etching is performed on a mask, as shown in drawing 4 , the structure where 
gate dielectric film becomes thin in the second gate electrode lower part will be 
acquired. 

[0082] in addition, the oxide film at the time of over etching in here - shaving off 
when the selectivity of TiN to an oxide fiilm is low, it is remarkable in a RIE process. 
Moreover, after the first gate electrode processing, if a short time is oxidized thermally, 
oxide-film thickness will become large and a configuration like drawing 5 R> 5 will be 
acquired on the outside of the first gate electrode. 

[0083] The semi'conductor layer and embedding oxide filTn on an insulator may be 
transposed to the usual bulk substrate to various kinds of second structures of the first 
operation gestalt of the operation gestalt above. The example is shown in the sectional 
view of drawing 2 . 

[0084] The first gate electrode 7 which consists boron of TiN with a width of face [ of 
20nm ] (horizontal direction in the cross section of drawing 2 ) and a thickness (the 
height direction) of lOOnm on the included 5xl017cm-3 p-siHcon substrate 10 through 
the gate dielectric film 4 which consists of thermal oxidation film with a thickness of 
3nm is formed. On gate dielectric film 4, the side face of the gate electrode 7 is touched 
and the second gate electrode 8 with a width of face (horizontal direction in the 
drawing 2 cross section) of 50nm is formed at the both sides of the first gate electrode 7. 
On the silicon substrate of the both sides of the second gate electrode, the source drain 
field 6 of n+ mold with a depth of 0.15 microns with which arsenic was introduced into 
high concentration (for example, 1019cm-3) is formed. For a start, the field inserted 
into the lower part of the second gate electrode and the source drain field 6 
accomplishes the channel formation field 9 in which the channel by the electron is 



formed. 

[0085] The structure of drawing 2 is replaced with the structure (SOI structure) of 
having a semi-conductor layer on an insulator, and a source drain field is established in 
a semi-conductor substrate firont face using the usual semi-conductor substrate 10. In 
this case, since only the amount which is required for control of a punch-through is 
sufficient as an impurity, the amount of doping can be controlled and the second 
technical problem can be mitigated for a start. For example, although a threshold will 
become high too much like the conventional example of drawing 35 if it is going to 
control a threshold by the work function of the gate when the impurity for controlling a 
punch-through is introduced, in this invention, it can use that the obstruction 
organization potency force by the first gate electrode can weaken, and can prevent a 
threshold becoming high too much, and the optimal threshold can be obtained. 
[0086] The third operation gestalt is explained with reference to the third operation 
gestalt drawing 13 . In the aforementioned production process, after formation of the 
second gate electrode, an oxide film with a thickness of 20nm is deposited on the side 
face with a CVD method, etchback of this is . carried out, and the oxide film side 
attachment wall 40 is formed. The gate dielectric film located outside an oxide-film side 
attachment wall at the time of etchback is removed by coincidence. Next, the epitaxial 
layer 41 which consists of n+ mold sUicon on the semi-conductor layer 33 of the outside 
of the oxide-film side attachment wall 40 is grown up into 30nm in thickness by the 
selection epitaxial method. An epitaxial layer 41 can be used as n+ mold by making gas 
including Lynn mix at the time of epitaxial growth. Although the polycrystal layer 42 of 
n+ mold grows up to be also the upper part of n+ pohsh recon layer 37 at this time, this 
does not affect a component property. Then, the source drain field 33 is formed by 
making the semi-conductor layer 33 diffuse Lynn from an epitaxial layer by short- time 
heat treatment (it is 10 seconds at 850 degrees C). 

[0087] With reference to the fourth operation gestalt drawing 14 - drawing 18 , the 
configuration and the manufacture approach of a gestalt of other operations are 
explained. In the SOI substrate with which the semi-conductor layer 33 (SOI layer) 
which consists of Si02 with a thickness of 400nm, and which embeds and consists of 
single crystal silicon with a thickness of lOnm through an oxide film 32 is formed on a 
siUcon substrate 31 Si02 film with a thickness of lOOnm is deposited on the whole 
surface with a. CVD method, and as width efface of 120nm is processed and this is 
indicated to be the lithography by EB exposure to drawing 14 R> 4 by etching by RIE 
etc., the dummy oxide film 51 is formed. 

[0088] Next, with selection epitaxial growth, as shown in drawing 1414 , the epitaxial 



layer 41 with a thickness of 50nm it is thin from n+ mold single crystal silicon which 
included high-concentration Lynn in the both sides of the dummy oxide film 51 is 
formed. 

[0089] Next, HF (fluoric acid) removes a dummy oxide film. Then, an oxide fil m with a 
thickness of 30nm is deposited, on the whole surface by CVD, and by carrying out 
etchback of this by RIE, as shown in drawing 15 , the side-attachment-wall oxide film 
52 is formed in the side face of an epitaxial layer 41. A short time is heat-treated (it is 
10 seconds at 850 degrees C), Lynn in an epitaxial layer 41 is diffused in the 
semi-conductor layer 33, and the source drain field 38 of n+ mold is formed ( drawing 
15). 

[0090] Next, the front face of the semi-conductor layer 33 is oxidized thermally, and the 
gate dielectric film- 34 which consists of Si02 with a thickness of 3nm is formed. Then, 
n-H polish recon (doped polysilicon) layer 53 with a thickness of 50nm is deposited on 
the whole surface by the CVD method or the spatter ( drawing 16 ). 

[0091] Next, etchback of the n+ polish recon layer 53 is carried out by RIE, and the 
second gate electrode which becomes only the side face of the side-attachment-wall 
oxide film 52 from remnants and n+ polish recon layer 53 about this as shown in 
drawing 17 is formed. Next, W layer 54 [ with a thickness of 70nm ] is deposited by 
CVD or the spatter ( drawing 17 ). 

[0092] If a resist 55 is moreover used for electron beam exposure etc., width of face of 
120hm is processed and W layers are processed into a mask for this by RIE etc., W 
layers of the field inserted into the second gate electrode (n+ poUsh recon 53) will 
become the first gate electrode 54 ( drawing 18 ). Here, after formation of the 
configuration shown in drawing 16 , if the oxide film of an outcrop is shaved off by over 
etching or an oxide film is Ughtly etched by RIE etc, after carryihg out etchback of the 
n+ poUsh recon layer 53, the configuration where the gate oxide under the first gate 
electrode as shown in drawing 5 is thinner than the gate oxide under the second gate 
electrode will be acquired. 

[0093] With reference to the fifth operation gestalt drawing 19 - drawing 24 , the 
gestalt and its manufacture approach of other operations are explained, 
[0094] In the SOI substrate with which the semi-conductor layer 33 (SOI layer) which 
consists of Si02 with a thickness of 400nm, and which embeds and consists of single 
crystal silicon with a thickness of lOnm through 3,n oxide film 32 is formed on a siUcon 
substrate 31 The pad oxide film 60 with a thickness of 20nm is formed in the front face 
by thermal oxidation. Then, Si3N4 film with a thickness of lOOnm is deposited on the 
whole surface with a CVD method, this is processed into width of face of 120nm by 



etching by the lithogriaphy by EB exposure, and RIE etc., and the dummy nitride 61 is 
formed. Next, high-concentration Lynn is introduced into the semi-conductor layer of 
the both sides of the dummy nitride 61, the source drain field 38 is formed, and the 
whole is covered with the CVD oxide film 62 with a thickness of 120nm ( drawing 19 ). 
Epitaxial growth may bie used like the operation gestalt which may form a source drain 
field using an ion implantation, plasma doping, the diffusion firom PSG, etc., and is 
shown in drawing 14 and drawing 1515 here. 

[0095] Then, as shown in drawing 20 , opening 70 is formed in the CVD oxide film 62 
by the photolithography and RIE, and the upper part of the dummy nitride 61 is 
exposed to it. At this time, opening 70 is made larger than a dummy nitride so that a 
CVD oxide film may not remain in the upper part of a dummy nitride. For example, 
every large 0.2 micrometers are taken on both sides. At this time, by exposing a 
dummy nitride by RIE, there is nothing and the upper part of the dummy nitride 61 
may be exposed by shaving off the projection by the CVD oxide film of the nitride upper 
part by CMP (chemical mechano polish^ chemical machinery-pohsh) ( drawing 21 ). By 
CMP, by the approach of exposing the nitride upper part, the need of performing 
lithography for forming opening 70 is lost, and a process can be shortened. Moreover, 
there is the advantage in which the configuration formed becomes flat. At the process 
at which a dummy nitride is exposed by lithography and RIE on the other hand, there 
is the advantage in which it can manufacture with existing equipment, without newly 
introducing CMP equipment. 

[0096] Then, the wet etching by the heat phosphoric acid removes the dummy nitride 
61. And rare fluoric acid removes the pad oxide film 60. At this time, a part of fi:ont face 
of the CVD oxide film 62 is also etched. Then, the oxide film side attachment wall 40 is 
formed by depositing an oxide film with a thickness of 20nm and carrying out etchback 
of this by CVD, ( drawing 22 ). The oxide film side attachment wall 40 is for preparing 
the shape of surface t3rpe of the side-attachment"wall section of CVD oxide film opening 
formed of etching of a nitride 61 and the pad oxide film 60, and may be omitted. 
[0097] Then, 45nm of n+ doped polysiUcons is deposited on the whole, etchback of this 
is carried out by RIE, and n+ polish recon layer 53 is formed in the side face (or side 
face of the oxide-film side attachment wall 40) of the CVD oxide film 62 ( drawing 23 
R> 3). Here, it may replace with n+ polish recon and n+ mold doped amorphous silicon 
may be used. 

[0098] Then, W layers of metals, such as 54 or TiN, and metallic compounds are ' 
deposited on the whole surface, this is processed by the photolithography and RIE, and 
a gate electrode is formed as shown in drawing 24 . Here, as for W layers of the first 



gate electrodes and n+ polish recons 53, 54 serves as the second gate electrode. 
Moreover, processing of the first gate electrode performs etchback by CMP not using a 
photolithography and RIE, and is good as a configuration to, which the fi-ont face of the 
upper limit of the first gate electrode and the insulator layer of the CVD oxide-film 62 
grade embedding the first gate electrode becomes flat as well as drawing 26 mentioned 
later. The advantage/demerit of using CMiP are the same as the above-mentioned. 
[0099] In addition, each manufacture approach given in each operation gestalt of 3, 4. 
and 5 is applicable to manufacture of the component which consists of the various 
structures of the second operation gestalt, a dimension, and an ingredient for a start. 
Moreover, some processes which constitute each manufacture approach may be chosen, 
and you may use for manufacture of the various structures of the second operation 
gestalt for a start. Moreover, the structure where the ingredient which forms the first 
gate electrode of a publication in the fourth and fifth operation gestalt is extended on 
the second gate electrode may be applied to the component which consists of the 
various structures of the second operation gestalt, a dimension, and an ingredient for a 
start. 

[OlOO] In addition, after embedding a gate electrode material all over the process at 
which a dummy pattern is exposed by removing the insulator layer of the upper part of 
a dummy pattern by CMP among the above-mentioned manufacture approaches, and 
the opening of opening after dummy pattern removal, the process which carries out 
flattening of this by CMP may be used for manufacture of the transistor by which a 
gate electrode is constituted firom a single ingredient ( drawing 46 , drawing 47 ). 
[OlOl] Moreover, at least, opening prepared in the insulator layer on a dummy pattern 
should just be formed so that some dummy patterns may be exposed. Removal of the 
dummy pattern by wet etching and the embedding of the gate electrode material by 
CVD etc. become possible by this, and a gate electrode can be formed. However, when 
forming the gate electrode with which the first gate electrode and the second gate 
electrode were put together, it is desirable that opening is prepared in the upper part of 
the location which is going to form the first gate electrode at least fi*om the need of 
forming the side attachment wall used as the second gate electrode with anisotropy 
etchback. As for opening prepared in the insulator layer on a dummy pattern, it is 
desirable more preferably to prepare so that the whole upper part of a dummy pattern 
may be exposed. A conductive ingredient can be embedded more at homogeneity at 
opening circles by exposing the whole upper part of a dummy pattern, although there is 
a possibility that the upper part of opening may be closed by the conductive ingredient 
before rather than a conductive ingredient is embedded by homogeneity at opening 



circles, when embedding a conductive ingredient by CVD etc., if opening prepared in 
the insulator layer on a dummy pattern is too narrower than a dummy pattern. As for 
the process which prepares opening, it is desirable in that case to carry out by CMP. 
The process which prepares opening by CMP has the advantage in which it is easy to 
expose the whole upper part of a dummy pattern. Moreover, opening prepared in the 
insulator layer on a dummy pattern may be larger than a dummy pattern. The width of 
face of the upper part of the gate electrode formed becomes large by this, and it is the 
cross section (refer to the drawing 2424 .) of a gate electrode. Since the cross section in 
the cross section of drawing 24 becomes large, it contributes to reduction of parasitism 
resistance. 

[0102] In the above-mentioned manufacture approach, if CMP is used, in case it will 
remove the insulator layer of the dummy pattern upper part and a dummy pattern will 
be exposed, while not performing a photolithography process, simplifying a process and 
mitigating the burden in a process, the defects by location gap of the pattern 
accompanying a photolithography are reducible. Moreover, a flat configuration is 
acquired as stated above. Moreover, after embedding a conductive ingredient all over 
the opening of opening, a conductive ingredient is processed by CMP, and flat structure 
will be acquired if the process which obtains a gate electrode is used. 
[0103] Moreover, since a source drain field is [ a dummy pattern ] processible into a 
mask by using a dummy pattern, a gate electrode is not influenced of heat treatment 
for forming a source drain field. 

[0104] The advantage of these manufacture approaches is the same also to 
manufacture of transistors other than these also to manufacture of the transistor 
stated to the first and second operation gestalten. 

[0105] Moreover, the manufacture approach using the dummy pattern in this invention 
has the first and second gate electrodes, may have the different purpose from the 
structure of drawing 1 R> 1, and may apply it to a different dimension and transistors 
(for example, structure of drawing 36 etc.) with the configuration of a work function. 
The advantage of these manufacture approaches is that formation of a pattern is easy 
in the first place. Generally the gate electrode is so easy to process it that it is large. 
However, it is forced to form the first gate electrode previously and to form the first 
gate electrode in a dimension smaller than gate length (overall length which set the 
first and second gate electrodes) with lithography at the process which prepares the 
second gate electrode in the side attachment wall. However, since the manufacture 
approach of this invention should just form a dummy pattern equal to the overall 
length of the gate with lithography, the burden of a Uthography process is mitigated. It 
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is reduction of the effect of heat in the second. Since the first and second gate 
electrodes are formed for a dummy pattern after forming a source drain field in a mask, 
migration of the ion between a chemical reaction or an interface does not break out by 
the first and second interfaces of a gate electrode by heat treatment at the time of 
forming a source drain field, 

[0106] In the sixth operation gestalt this invention, you may also insert a thin oxide 
film (or other insulator layers, such as a nitride) between the first gate electrode and 
the second gate electrode in the various structures of each above operation gestalt (for 
example, drawing 26 , drawing 27 , drawing 28 ). Moreover, in each above-mentioned 
manufacture approach, the process which puts a thin oxide film (or other insulator 
layers, such as a nitride) between the first gate electrode and the second gate electrode 
may be added. This is explained. 

[0107] If the thin oxide film 63 between the first gate electrode and the second gate 
electrode is too thick, since a channel will become is hard to be formed in that lower 
part, the thinner one of this thickness is good. Although there was no efifect on a 
current when the thickness from simulation was Inm or less, and there was 
degradation of a current when it was lOnm or less, it was confirmed that the effect is 
slight. 

[0108] By forming the thin oxide film 63, diffusion of the first gate electrode and a 
second gate inter-electrode impurity and a chemical reaction (for example, the poHsh 
recon of the metal of the first gate electrode and the second gate electrode should react, 
and siUcide-ize) can be controlled. Since the first gate electrode and second gate 
inter-electrode impurity diffusion can be reduced, the semi-conductor with which 
conductivity tjrpes differ as second gate electrode can also be used for the first gate 
electrode for a start, such as using n+ polish recon at p+ polish recon and the second 
gate electrode. 

[0109] The manufacture approach of a configuration of having this thin oxide film is 
described. After forming the configuration of drawing 23 , as 2nm oxidizes and the front 
face of n+ polish recon 53 is shown in drawing 25 , the thin oxide film 63 is formed. At 
this time, gate oxide 4 also becomes thick in a center section. Then, W is embedded, 
flattening is carried out by CMP, and the configuration of drawing 26 is acquired. At 
this time, RIE removes the thin oxide film 63 of the n-i- poHsh recon 53 upper part after 
thermal oxidation. At this time, the thickness of the center section of gate oxide also 
becomes thin again. Or little W is once embedded between n-<- polish recons 53 by CVD 
and RIE, and after protecting gate oxide 4, RIE and wet etching may remove the thin 
oxide film 63 of the n+ poUsh recon 53 upper part. Here, n+ polish recon 53 serves as 



the second gate electrode, and W54 serves as the first gate electrode. 
[0110] Moreover, the structure which inserted the thin oxide film 63 in drawing 27 and 
drawing 28 among these as first gate electrode in the process of drawing 10 • drawing 
13 R> 3, using n+ polish recon as p+ polish recon and second gate electrode is shown. 
Here, after patterning, in the firont face, the thin oxide film 63 oxidizes (for example, 
Inm), and p+ polish recon 64 is formed. This oxidation may be performed using heating 
and you may be because it is exposed to the environment which only contains the 
inside of air, or oxygen. 

[0111] In drawing 28 , the thin oxide film 63 on p+ POSHISHI recon 64 is removed by 
coincidence in the etchback process for forming the oxide film side attachment wall 65. 
[0112] Moreover, the example of structure which forms a conductor in the upper part of 
the structure shown in drawing 28 further is shown in drawing 29 . In order to take the 
flow of the first gate electrode and the second gate electrode, these upper parts were 
made to carry out selective growth of the 20nm tungsten layer 66 in thickness in 
drawing 29 . Since it grows up to be also a longitudinal direction, a tungsten layer is 
the upper part of the thin oxide film 63, and the tungsten on the first gate electrode 
and the second gate electrode grows, respectively, connects it, and it can take a mutual 
flow. The same effectiveness deposits metals, such as W, according to 
un"choosing-conditions, silicide-izes this, and is acquired also according to the usual 
silicide process that an aqua regia etc. removes a surplus metal. This is because the 
silicide on the first gate electrode and the second gate electrode grows, respectively and 
connects. 

[0113] When inserting an insulating layer between the first gate electrode and the 
second gate electrode, by the manufacture approach of having the process shown in 
drawing 10 - drawing 18 By the manufacture approach of having the process which 
shows the gate oxide equivalent to the location of the second gate electrode lower part 
to drawing 19 - drawing 26 Once removing the gate oxide equivalent to the location of 
the lower part of the first gate electrode, respectively, it may be reformed in the 
insulator layer and coincidence which are inserted between the first gate electrode and 
the second gate electrode once again. For example, by the manufacture approach of 
having the process shown in drawing 1919 ■ drawing 26 , the gate oxide which removes 
once the gate oxide of the field where the second gate electrode does not exist by 
etching of RIE etc. in case the configuration shown in drawing 23 is formed, and will be 
continuously located under the first gate electrode is formed in formation and 
coincidence of the thin oxide film 63. In this case, thickness of a thin oxide film is set to 
about 3nm. Moreover, thermal oxidation may be used for the process which forms a 



thin oxide fQm 63 and gate dielectric film in coincidence, and a CVD method may be 
used. Moreover, the insulator layer reformed here may be the different quality of the 
material in the gate dielectric film 4 formed at the beginning ( drawing 30 ). For 
example, you may be Si3N4 and Ta205 grade. In this case, it will replace with the thin 
oxide film 63, and these thin insulator layers will be used for first and second isolation 
of a gate electrode. 

[0114] In case the insulator layer inserted between the first and the second gate is 
formed once removing some gate dielectric film described here, the example which 
applied the manufacture approach of forming some gate dielectric film in coincidence 
again to the structure of drawing 27 is shown in drawing 3030 . This by carrying out 
patterning of the p+ polish recon 64 which deposited by thermal oxidation after 
forming gate dielectric film 4, and was deposited by CVD on the semi-conductor layer 
33 It considers as the first gate electrode, and after formation, the gate dielectric film 
which remained on the field where the first gate electrode 64 does not exist by RIE is 
removed, and, simultaneously with formation of the first gate electrode 64, it continues. 
By CVD By depositing 7nm of Si3N4 film 71, depositing n+ polish recon 53 by CVD 
continuously, and carrying out etchback of the Si3N4 film to n+ polish recon The 
second gate electrode 53 is formed and the tungsten layer 66 is formed in the upper 
part (a tungsten layer may be prepared also on a source drain field.). It may replace 
with Si3N4 film and other insulator layers of Si02 grade may be used again. 
[0115] In addition, although the thin insulator layer inserted between the first gate 
electrode 64 and the second gate electrode 53 and the gate dielectric film under the 
second gate electrode are formed in one with the structure shown in drawing 30 On the 
other hand, if an insulator layer is deposited on both the firont face of the 
semi-conductor layer 33, and the side face of the second gate electrode after forming 
the structure of drawing 23 , and removing the gate dielectric film of a center section 
The structure where the thin insulator layer inserted between the first gate electrode 
64 and the second gate electrode 53 and the gate dielectric film under the first gate 
electrode are formed in one is acquired. 

[0116] In addition, the structure of preparing conductors, such as the tungsten layer 66 
as shown in drawing 29 and drawing 30 or the other metal, silicide, and a 
semi-conductor, on the first and second both sides of a gate electrode, and the process to 
establish may be applied to the component which has the said first [ which does not 
have the thin insulator layer 63 ], and second various structures of an operation gestalt, 
and a dimension. This brings about the effectiveness of reducing parasitism resistance 
of a gate electrode. <BR> [0117] The configuration of the operation gestalt which 



changed the structure of the semi-conductor layer lower part to the seventh operation 
gestalt last is explained. 

[0118] As the example, as shown in drawing 31 , it has the component structure shown 
in drawing 1 , and the structure where the SOI layer 3 has the same gate electrode up 
and down is mentioned. In this case, the effectiveness that a short channel effect can be 
controlled more strongly is added. This structure can be formed by applying the 
double-gate SOIMOSFET production process which used lamination. What is 
necessary is to deposit an oxide film 2, to embed in the upper part, for a support 
substrate to be made to adhere to the upper part according to a lamination process 
continuously, to reverse a wafer, to embed with the original support substrate, once 
forming the gate electrode of one side, as shown in drawing 1 , to remove an oxide film, 
to expose the SOI layer 3, and just to form the same gate electrode as drawing 1 in the 
upper part anew. What is necessary is just to perform alignment of a upside gate 
electrode to a component field (field layer) and the lower gate. Other examples which 
have the component structure shown in drawing 1 are the configurations that the 
lower part of a SOI layer was formed in the ingredient layer 81 with a dielectric 
constant lower than Si02, as shown in drawing 32 . For example, you may be porosity 
Si02 and the organic film. Moreover, as shown in drawing 33 , the lower part of a SOI 
layer is a cavity 82, and a SOI layer may be supported by the insulator 83 (for example, 
side attachment wall of SiO [2 ] or Si3N4). In this case, since the electric field which 
embed firom a source drain field and result in a channel through an oxide film are 
eased, a short channel effect can be controlled more strongly. The structure shown in 
drawing 33 establishes the side attachment wall 83 of Si3N4 with the etchback by CVD 
and RIE after forming the structure shown in drawing 1 R> 1, prepares opening by the 
photolithography in some Si3N4 side attachment walls, and if it etches Si02 by fluoric 
acid etc. and it is removed from opening, it can form it. 

[0119] Even if it applies the seventh operation gestalt to the structure of each sixth 
operation gestalt, or the various structures which are acquired combining these from 
the first, the same effectiveness as the case where it apphes to the structure of drawing 
1 is acquired. 

[0120] In the seventh operation gestalt, the following dimensions, an ingredient, 
conditions, etc. may be used fi:om the first. 

[0121] What is necessary is just to make all polarities into reverse in a p channel 
transistor in the above explanation, although the n channel transistor was mainly 
stated to the example. For example, a source drain field is used as p mold which 
introduced boron, and, as for the second gate electrode, the first gate electrode should 



just form TiN, W, etc. by p+ polish recon. The work function of the second gate electrode 
should be just larger than the work function of the first gate electrode. It is the same as 
that of the case of an n channel transistor to set the first gate electrode length to 40nm 
or less. 

[0122] In addition, in this invention, the impurity introduced into a source drain field 
should just use the acceptor of boron or others in Lynn, an arsenic or other donors, and 
a p channel transistor not in the limitation described above but in an n channel 
transistor. Generally 5xl018cm-3 to 2xl021cm-3 and a type target have the 
concentration of these impurities introduced into a source drain field in the range of 
lxl019cm 3 to 2xl020cm-3, and it should just be set up so that the reduction in 
resistance of a source drain field and crystalline reservation can be realized. 
[0123] moreover although it is most desirable not to introduce an impurity into a 
channel field from a viewpoint of solving the second technical problem for a start - 
punch- through control of the transistor on a bulk substrate - or a small amount of 
impurity may be introduced for the purpose of control of back channel formation of a 
SOI transistor. In an n channel transistor, the donor of Lynn, an arsenic, or others 
should just be used for the impurity introduced into a channel field in boron or other 
acceptors, and a p channel transistor. The range of the concentration of these 
impurities is 2xl017cm-3 to 2xl018cm-3 typically. Since it is not necessary to introduce 
a lot of impurities in order to set up a threshold in the transistor of this invention 
compared with the usual structure (structure using p+ polish recon as a gate electrode 
to n+ poUsh recon and a p channel transistor to an n channel transistor) when 
introducing such a small amount of impurity, there is the advantage in which high 
impurity concentration can be controlled. 

[0124] Moreover, in an n channel transistor, little installation of the acceptor of boron 
or others may be conversely carried out for the donor of Lynn, an arsenic, or others in a 
p channel transistor at a semi-conductor layer (or semi-conductor substrate). This is a 
measure which is mainly needed in ingredients other than n+ polish recon to an n 
channel transistor when ingredients other than p+ polish recon are used for a gate 
electrode to a p channel transistor. Although installation of these impurities is 
omissible since the electric field of the first gate electrode can weaken in this invention, 
the amount of impurities which is needed when combining with the approach of 
introducing these can be reduced. 

[0125] Moreover, the high impurity concentration of n+ polish recon arid p+ polish 
recon is the same as that of the range of the concentration introduced into a source 
drain field. Moreover,, these may be transposed to n+ amorphous silicon and p+ 



amorphous silicon. 
[0126] 

[Effect of the Invention] It becomes possible according to the component structure, of 
this invention, not to need installation of an impurity, or to be able to control the 
concentration of an impurity so that clearly from the above explanation, and to set up a 
threshold electrical potential difference freely. Moreover, according to the component 
structure of this invention, a short channel effect can be controlled by the original 
principle. 

[0127] Furthermore, according to the manufacture approach of this invention, the field 
effect transistor from which the above-mentioned effectiveness is acquired is producible 
good. 
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[Drawing 27] The sectional view for explaining the structure and the manufacture 
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fPrawing 38] Drawing showing the e£fectiveness of this invention. 
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[Drawing 40] Drawing showing the effectiveness of this invention. 
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[Drawing 42] The sectional view of the transistor for explaining the principle of 
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33 Semi-conductor Layer 
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38 Source Drain Field 

39 Channel Formation Field 

40 Oxide-Film Side Attachment Wall 

41 Epitaxial Layer 

42 Polycrystal Layer 

51 Dummy Oxide Film 

52 Side-Attachment- Wall Oxide Film 

53 N+ Polish Recon Layer 

54 First Gate Electrode 
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60 Pad Oxide Film 

6 1 Dummy Oxide Film 

62 CVD Oxide Film 
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111 SOI Layer 
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113 Tantalum Gate Electrode 
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117 Inversion Layer of N-Mold 

160 Support Substrate 

161 Embedding Oxide Film 



162 Source Drain Field 

163 Gate Dielectric Film 

164 First Gate Electrode 

165 Second Gate Electrode 

166 Semi-conductor Layer 

167 Channel Formation Field 



Abstract: 

PROBLEM TO BE SOLVED: To freely set the threshold voltage Vth of a field efifect 
transistor, without doping impurities. 

SOLUTION: A field-effect transistor has a first gate electrode 7,. which is positioned at 
the central part of the transistor, and second gate electrodes 8, which are positioned on 
both sides of the electrode 7, and at least one part of each of the second gate electrodes 
8 is positioned on a channel formation region. As the materials for the electrodes 7 and 
8, materials having different work functions are used. A first gate electrode length is 
set in the range that an electric field from the electrode 7 and electric fields from the 
electrodes 8 cause interference with each other. The electrode length is preferably set 
in a length of 40 nm or shorter. 



[Translation done.] 
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